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ABSTRACT
We present the results of the Gould’s Belt Distances Survey (GOBELINS) of young star forming
regions towards the Orion Molecular Cloud Complex. We detected 36 YSOs with the Very Large
Baseline Array (VLBA), 27 of which have been observed in at least 3 epochs over the course of 2
years. At least half of these YSOs belong to multiple systems. We obtained parallax and proper
motions towards these stars to study the structure and kinematics of the Complex. We measured
a distance of 388±5 pc towards the Orion Nebula Cluster, 428±10 pc towards the southern portion
L1641, 388±10 pc towards NGC 2068, and roughly ∼420 pc towards NGC 2024. Finally, we observed
a strong degree of plasma radio scattering towards λ Ori.
Keywords: astrometry; parallaxes; stars: kinematics and dynamics; ISM: Orion Molecular Clouds;
radiation mechanisms: non-thermal
1. INTRODUCTION
Young star forming regions towards Orion have been
the subject of much interest, as they are the closest re-
gions of massive young stellar population. The star for-
mation in the Orion Complex is concentrated in two
molecular clouds, Orion A and B, with clusters such as
the Orion Nebula Cluster (ONC) and L1641 in Orion
A, and NGC 2023/2024, NGC 2068/2072 and L1622
in Orion B. These clusters represent the most recent
episodes of star formation in the region, which belong
to the Orion OB1c and 1d sub-association, containing
mkounkel@umich.edu
stars spanning ages from ∼1 Myr up to 6 Myr (Bally
2008). In addition to the clusters in the main cloud,
there are other stellar groups in Orion that host very
young stars, like σ Ori, in the OB1b sub-association,
and the groups of the λ Ori association at the north-
ernmost end of the complex. Finally, a somewhat older
(8–12 Myr) population is contained within the OB1a
sub-association, where most of the parental gas has al-
ready been removed.
Over the course of the last century, many attempts
have been made to measure distances to the Complex,
particularly towards the ONC. Some of the earliest mea-
surements were as high as 2000 pc (Pickering 1917) and
as low as 185 pc (Kapteyn 1918). Eventually most mea-
2surements settled in the 350 to 500 pc range obtained
through various means, most typically through zero-age
main sequence fitting. Much of the scatter originated
from inconsistent assumptions, models, and sample se-
lection (see review by Muench et al. 2008).
For some time, the most widely used distance was
480±80 pc, obtained from proper motions of H2O
masers towards the Orion BN/KL region (Genzel et al.
1981). In the last decade, however, direct stellar paral-
lax measurements of non-thermal emitting masers and
stars were made possible through radio Very Long Base-
line Interferometry (VLBI). Menten et al. (2007, here-
after MR) obtained a distance of 414±7 pc from obser-
vations of 4 stars - GMR A, F, G, and 12 - in the central
(Trapezium) region of the ONC. Sandstrom et al. (2007,
hereafter S07) also observed GMR A and obtained a
somewhat closer distance of 389+24−21 pc. Hirota et al.
(2007) and Kim et al. (2008) observed H2O and SiO
masers to obtain a distance of 437±19 pc and 418±6
pc respectively in the Orion BN/KL region.
Other major efforts to measure a distance towards
the ONC include Jeffries’s (2007). He used stellar ro-
tation to estimate distances of 440±34 pc for his entire
sample and 392±32 pc including only stars without ac-
tive accretion. Stassun et al. (2004) obtained a distance
of 419±21 pc through monitoring the kinematics of a
double-line eclipsing binary system, assuming a value
for the solar bolometric luminosity of Mbol,⊙ =4.59,
although their distance estimate decreased to 390±21
pc with Mbol,⊙ =4.75. Kraus et al. (2009) obtained
a dynamical distance of 410±20 pc based on model-
ing the orbit of the close binary θ1 Ori C. Some at-
tempts have also been made to obtain distances from
dust extinction maps towards not just the ONC, but
towards several distinct regions in the Orion Complex.
Lombardi et al. (2011) estimated 371±10 pc towards
Orion A and 398±12 pc towards Orion B using ex-
tinction maps measured from 2MASS. Schlafly et al.
(2014) provided distance estimates of 20 distinct regions
through extinction from PanSTARRS photometry, al-
though many of them are highly uncertain.
While the distance measured by MR is currently con-
sidered as canonical, it is is based on a small sample of
4 stars. In addition, the MR stars all lie within the cen-
tral regions of the ONC; however, the Complex spans
100 pc projected on the sky, so it would not be surpris-
ing if the different regions of the cloud have substantially
different distances, and it would not be surprising if the
regions have differing radial distances of the same or-
der. Therefore, even if the distance towards the ONC is
known with high accuracy, by applying this distance to
other regions an inherent uncertainty of ∼20%, for ex-
ample, could be introduced, as the Complex is located
at the distance of ∼400 pc. This propagates to an error
of ∼40% in luminosity, to ∼70% in ages of young stars
(Hartmann 2001).
Currently an ongoing mission of the Gaia space tele-
scope is in process of obtaining astrometry towards op-
tically visible sources across the entire sky in order to
measure parallaxes accurate to 100 µas for G<17 mag
stars (de Bruijne et al. 2014), which should provide ac-
curacy in distance measurements to within 5-10% up to
1 kpc. VLBI observations can provide an important in-
dependent check on optical parallax measurements, as
shown by the comparison of VLBI with Hipparcos dis-
tances for the Pleiades (Melis et al. 2014). In addition,
radio VLBI can be useful for measuring sources in re-
gions of high extinction and/or significant nebulosity, as
is the case in many regions of Orion.
In this paper we present radio VLBI observations
of stellar parallaxes of Young Stellar Objects (YSOs)
identified towards the Orion Complex, hereby signifi-
cantly expanding the number of stars in Orion with
known distances and kinematics. This work is done
as part of Gould’s Belt Distances Survey (GOBELINS,
Loinard et al. 2011), which is dedicated to measure stel-
lar parallax towards the Ophiuchus (Ortiz-Leo´n et al.
2016a), Serpens (Ortiz-Leo´n et al. 2016b), Taurus,
Perseus, and Orion star forming regions.
2. OBSERVATIONS
The observations presented in this paper were made
with the National Radio Astronomy Observatory’s Very
Long Baseline Array (VLBA) at 5 GHz with a 256 MHz
bandwidth (spanning the range of 4.852—5.076 GHz).
They span a period of 2 years from March 2014 to
March 2016, with observations preferentially scheduled
near the equinoxes, to target the maxima of the paral-
lactic eclipse along right ascension. All the fields were
observed in groups of three per observing session, for a
total of 56 observing sessions under the code of BL175
(Table 1). Each session was planned as follows: a pri-
mary calibrator was alternated between observing each
field, and after five iterations encompassing all the fields,
three secondary calibrators were observed. The dura-
tion of each pointing was ∼2 minutes for targeted fields
and ∼1 minute for each of the calibrators. The geode-
tic block was observed at the beginning and the end of
each session (the frequency of the observations of this
block spanned the 4.596—5.076 GHz range). The total
observing time was ∼1 hour per field. Additionally, we
spent 1.5 hour per session on the primary calibrator and
0.1 hour on each of the secondary calibrators.
During correlation each field was reduced to a series
of small patches only a few arcseconds in diameter, each
patch centered at a phase center corresponding to the
targets within a field (a description of the process is pre-
sented in Ortiz-Leo´n et al. 2016a). Targets were iden-
3tified from the VLA survey of the Orion Complex by
Kounkel et al. (2014). In that survey 374 sources were
detected, out of which 148 were associated with known
YSOs, and 86 were identified as YSO candidates on
the basis of their radio properties out of the remain-
ing sources that could not be classified by other means.
The criteria for candidacy included a) detectable circu-
lar polarization or b) short-term radio variability >50%
at either 4.5 or 7.5 GHz.
For the first two epochs of the VLBA Orion obser-
vations, 40 fields were observed (Table 1). The total
number of fields was chosen on the basis of the num-
ber of hours awarded for the Gould’s Belt Distance Sur-
vey. We accommodated observations of all five star-
forming clouds targeted by the program, and the field
centers were distributed in a way to maximize the num-
ber of known YSOs observed. After two epochs we were
already able to begin to distinguish between galactic
and extragalactic sources on the basis of motion of the
sources between epochs. Twelve fields where no galactic
sources have been detected were removed from the sur-
vey, six new fields were added to include more isolated
YSOs from the VLA survey. The number of fields has
been further cut to only 26 for epoch 4, and to 17 for
epoch 5.
The data were reduced in AIPS (Greisen 2003) fol-
lowing the standard prescription for the VLBA data.
The multi-band delays were removed using the DELZN
task based on the geodetic sources (Reid & Brunthaler
2004). The phase gradient across the sky was then cal-
ibrated using secondary calibrators with the ATMCA
task. When multiple sources were observed in the same
field, the same calibration was applied to all sources.
Positions of all the sources were referenced to the pri-
mary calibrator. Finally, all sources were imaged and
the positions of all point sources were extracted using
task the JMFIT task. More details on data reduction
are presented in Ortiz-Leo´n et al. (2016a).
Positions of all sources were referenced relative to the
primary calibrators (Table 2). The arrangement of the
primary and secondary calibrators for each field is de-
scribed in Table 3. This configuration was preserved
through all the epochs. The exception to this are the
λ Ori fields, as their primary and secondary calibrators
were extended, which resulted in uncertain astrometry.
We propose that plasma scattering from the supernova
bubble 2.5–3◦ in radius around λ Ori is responsible for
the image blurring (See Appendix A). An attempt was
made to switch to a different nearby calibrator that
would improve the astrometry. However, as the assumed
absolute positions of the calibrators are not referenced
relative to each other, a positional offset was introduced
to the sources in the field.
A few other calibrators do have some structure, most
Figure 1. Locations of the sources observed by this pro-
gram. They are separated into the confirmed YSOs, sources
that are most likely associated with the AGN activity, and
the ones that could not be identified as either due to either
insufficient number of epochs observed, or due to poor as-
trometry. Locations of all the calibrators are also included
with their names. The circle at the top of the figure is 3◦ in
radius, and it shows the approximate position of the λ Ori
ring.
likely due to jet activity, however, an evolving jet struc-
ture should not significantly influence measured par-
allaxes (Menten et al. 2007), particularly if the main
source is point-like and the jet emission is sufficiently
displaced. The two most notable calibrators with struc-
ture are J0539-0514 and J0532-0307. The former pro-
duced many errors in the calibration solutions as it was
not bright enough during the first two epochs, with a
typical flux ∼30 mJy and substructure was not imme-
diately apparent, but during the third epoch its flux
had increased to ∼50 mJy, resulting in a significant im-
provement in the calibration, and there was a clear emis-
sion from a second component at position angle ∼240◦,
∼1 mas away; this emission persisted during all the re-
maining epochs. The latter calibrator, J0532-0307, al-
ways had a spatially resolved second component at p.a.
∼150◦, ∼10 mas away.
4Figure 2. Variability reported by Kounkel et al. (2014) for
all sources that can be distinguished as galactic and extra-
galactic on the basis of VLBA astrometry.
Our VLBA survey fields covered a total of 300 sources
from the VLA survey. As VLBA detections generally
require non-thermal emission due to their high bright-
ness temperatures, only 116 objects have been detected
(although some of them can be resolved into multiple
objects or a jetted structure). We report only on ob-
jects that either a) were detected in at least two epochs
or b) had a single detection > 5σ (Figure 1). Most likely
the remaining undetected objects emit only thermally.
Thirty six of the detected systems can be definitely iden-
tified as YSOs on the basis of astrometric motion, and
57 are most likely associated with AGN activity. The
remaining 23 objects have detection in only one epoch
or have astrometry too poor to make a definitive deter-
mination (Table 4).
Out of 148 objects in the VLA survey that were
known YSOs in the literature, 36 have been detected
with VLBA. Three of these sources have been falsely
identified, as we cannot confirm their membership to
the Orion Complex on the basis of their astrometry.
GBS-VLA J054121.69-021108.3 (=VLBA 55), GBS-
VLA J053542.27-051559.3 (=VLBA 110), and GBS-
VLA J053532.03-053938.6 (=VLBA 139), all previously
identified as YSOs on basis of optical and IR emission,
but they do not show a significant astrometric offset be-
tween epochs.
Kounkel et al. (2014) identified 86 VLA sources as
candidate YSOs, based on their radio properties, and
we detected 26 of them with the VLBA. Only three of
these can be confirmed as YSOs in the Orion region.
The criteria for selection used by Kounkel et al. (2014)
appear to be not entirely reliable: while strong variabil-
ity at 4.5 GHz can indeed be used to distinguish galactic
from extragalactic sources, the same cannot be said for
7.5 GHz (Figure 2). Similarly, the degree by which cir-
cular polarization can be affected by beam squint has
been significantly underestimated. Out of nine sources
with observed VLA circular polarization detected in this
program, we can confirm only two as YSOs.
3. FITTING
To fit the parallax and the proper motions, the IDL
routine MPFIT (Markwardt 2009) was used. This rou-
tine fits a given model to a data by minimizing least-
squares fit. At the end of each iteration, it outputs only
a single array with the weighted differences between the
data and the model, and any number of equations can
be solved simultaneously.
For a single object, the motion of a star in the plane
of the sky is prescribed by
α(t) = α0 + µα cos δt+ pifα(α, δ, t)
δ(t) = δ0 + µδt+ pifδ(α, δ, t)
where α0 and δ0 are positions of the star at a given
reference time, and µα and µδ are the components of
the proper motion. fα and fδ are the projections over
α and δ of the parallactic eclipse, and they are given by
(e.g. Seidelmann 1992)
fα = (X sinα− Y cosα)/ cos δ
fδ = X cosα sin δ + Y sinα sin δ − Z cos δ
where X , Y and Z are the barycentric coordinates of
the Earth in units of AU, tabulated using the Python
package Skyfield1.
The uncertainties in the fitted parameters are twofold.
First of all, they depend on the positional uncertainties
of all the individual detections of the stars as measured
by JMFIT, driven by the resolution of VLBA and the
flux of the object. This does not take into account possi-
ble various systematic offsets in positions between differ-
ent epochs, which could be significantly larger than nom-
inally quoted positional uncertainties. Typically, the es-
timation of errors due to systematic offsets is usually
done through examining the goodness of the parallactic
fit and scaling positional uncertainties until the reduced
χ2 of the fit becomes equal to 1 (e.g. Sandstrom et al.
2007; Menten et al. 2007).
Approximately half of GK main sequence stars
and 30% of M stars belong to a multiple systems
(Duquennoy & Mayor 1991; Fischer & Marcy 1992;
Raghavan et al. 2010; Ducheˆne & Kraus 2013), and the
motion of the binary projected onto the plane of the sky
can degrade the goodness of the fit. These multiple sys-
tems can be roughly divided into three categories, based
on the effect they have on parallax and proper motion
fit.
1. Binaries with orbital periods much longer than
the total monitoring time covered by this program
(e.g. >>10 years). As the star would only barely
1 http://rhodesmill.org/skyfield/
5move in its orbit, this motion would be approxi-
mately linear. It is possible to introduce and fit
for an acceleration term to correct for the minor
shifts due to non-linearity. Determination of the
parallax should not be affected by these binaries.
Proper motion would not represent the true proper
motion of the system, as it is strongly affected by
the orbital motion of the star.
2. Binaries with intermediate orbital periods. The
effects of the binary motion cannot be ignored dur-
ing the parallactic fit due to the noticeably chang-
ing acceleration of the star; therefore, it is neces-
sary to fit the Keplerian parameters for the binary
and the parallax simultaneously. The main or-
bital parameters are the semi-major axis a1 of the
primary, the orbital period P , eccentricity e, ar-
gument of the pericenter ω, the time of passage of
the pericenter TP , inclination i, argument of the
ascending node Ω and, in case of the astrometric
binary with both components detected, mass ratio
q. The mean anomalies for the dates of observa-
tions are calculated with a given P and TP . Then
a true anomaly θ and a radius from the center
of mass r are determined along a Keplerian orbit
with a given e for the positions corresponding to
these mean anomalies. This orbit is scaled and
projected onto the plane of the sky through
α(t) = a1r(cos(θ+ω) sinΩ− sin(θ+ω) cosΩ cos i)/ cos δ
δ(t) = a1r(sin(θ + ω) sinΩ cos i+ cos(θ + ω) cosΩ)
For secondary stars, θ is rotated by 180◦, and a2
is used instead, which is scaled from a1 by q.
The fitting code is not optimized for determining
several of the Keplerian parameters in a robust
manner, as MPFIT is not a global optimizer, and
it can get stuck in the local minima if the initial
guesses for the parameters are not optimal. For
this reason we explore a parameter grid of the ini-
tial guesses of P in steps of 0.2 years, e in steps
of 0.1, TP in steps of P/12 and ω in steps of 30
◦.
The final values of these parameters can be fine-
tuned by the code, and the remaining orbital and
parallactic parameters are fitted directly. The un-
certainties are determined from the combination
of the uncertainties produced by the fit as well
as the scatter in the fits from the various initial
guesses for the parameters in the grid. Due to a
limited number of available epochs, there is a mi-
nor dependency in some of the fitted parameters
(e.g. parallax and proper motions) between the
different realizations of the fits, although the ex-
act trend between the fitted distance and proper
Figure 3. Dependence and scatter in the fitted distance
and proper motions of the astrometric binaries VLBA 4/107
(top) and VLBA 61/62 (bottom) in the different realization
of the fit up to the reduced χ2 of 10 and 65 respectively.
motions may be more or less systematic depend-
ing on any number of factors, e.g. number of
epochs monitored, inclination, or any other phys-
ical properties of the system (Figure 3), although
the uncertainties in the parameters do take the
range of scatter into account. The results of these
fits are typically comparable within 1σ to the fits
produced by the Binary Star Combined Solution
Package from Gudehus (2001). The comparison
of these two implementations of the binary fitting
algorithm is discussed in Ortiz-Leo´n et al. (2016a)
3. Binaries with orbital period smaller than the time
between the consecutive epochs of observation
(e.g. <6 months). As the stars in these com-
pact binaries should not move far from its center
of mass, the overall fit should approximate that of
a single star, but with somewhat larger uncertain-
ties in the parallax due to the random sampling of
the positions of the star in its orbit, and the effect
becomes minimal with a sufficiently large number
of epochs. If the star in question belongs to a
known spectroscopic binary with a constrained or-
bit, then by superimposing the orbit onto the par-
allactic motion it is possible to minimize this offset
and determine a more reliable distance through fit-
ting of the inclination i and the longitude of the
ascending node Ω for the system. In this case e, P ,
a1 sin i, TP , ω, and q are held fixed to the known
values from the spectroscopic orbital solutions.
4. DISCUSSION
6Figure 4. Best fits for the data. Red error bars show astrometric uncertainties produced by JMFIT, black error bars show
uncertainties scaled by the value needed to achieve χ2 = 1. Diamonds show expected position of a star at the time of the
observations based on this fit. Dashed lines indicates the fit assuming a single star for spectroscopic binaries.
7Twenty stars have been detected towards the ONC,
and we present distance solutions to fifteen of them .
Six of these stars belong to the Trapezium cluster. Two
stars have been detected towards L1641, three towards
NGC 2068, one towards σ Ori. Seven stars have been
detected towards NGC 2024, and we present preliminary
distance solutions to five of them. These solutions are
presented in Table 5 and discussed in Appendices B for
ONC and C for the remaining regions. The individual
fits are presented in Figure 4.
Three stars are found to be astrometric binaries with
both components detected - VLBA 4/107, 27/28, and
61/62. We presently can fit for the orbital motion of
VLBA 4/107 and 61/62, the parameters of which are
presented in Table 6. Another two, VLBA 58 and 68,
are also identified as belonging to a multiple systems
with intermediate period on the basis of their astrome-
try, although only a single star has been detected. Ad-
ditionally, VLBA 125, 126, and 145 have been detected
in only three epochs, but they also show possible sig-
natures of multiplicity. Six stars, VLBA 6, 9, 11, 19,
27, and 34, are known spectroscopic binaries with short
periods. The distance solution of VLBA 11, 19, and
34 incorporates the orbital motion. The parameters of
the orbit are presented in Table 7. Another four stars,
VLBA 4/107, 8, 11, and 27/28, also have either known
or identified long period companions in addition to the
aforementioned nearby companions (with exception of
VLBA 8, they belong to a high order multiple systems).
4.1. Revised distance to the Trapezium
Out of six stars observed in the Trapezium, four have
been previously observed by MR, although they have
incorporated only three of them into the distance solu-
tion for the cluster. A simultaneous parallactic fit of
all the stars found towards the Trapezium in this pro-
gram results in a distance of 383±3 pc. This fit is pro-
duced by fitting the equations of motions of all the stars
at the same time with a single distance but different
proper motions for all stars. The result of this fit is
also identical to the weighted average of the individual
measurements. The weighted average distance of all the
stars in the ONC is 388±2 pc. These values do not
include possible systematic effects due to the phase gra-
dient (see bellow). This is discrepant with the distance
of 414±7 pc obtained by MR by 3σ, or ∼ 0.2 mas in
parallax. It is possible that there is a systematic offset
of such magnitude between different epochs that cannot
be reproduced during fitting by merely scaling the posi-
tional uncertainties until the χ2 of the fit is equal to 1,
therefore it is possible that the formal uncertainties are
somewhat underestimated. And, since all of these stars
are observed in a single field, any systematic offset that
is applied to the coordinates of the center of the field will
be propagated to the positions of the sources, and the
parallaxes and proper motions could be affected accord-
ingly. However performing a fit with a reduced number
of epochs in either work done by MR or this work offers
no reconciliation, therefore the effect is not dominated
by a pointing error in any single epoch.
Low frequency radio observations could be affected by
the dispersive delay (e.g. Reid & Honma 2014) that is
difficult to calibrate resulting in a phase gradient across
the sky, producing a slight offset in the absolute posi-
tions of the targeted objects. This effect becomes large
the further the object is from the primary calibrator. It
does ”average out” with the sufficiently large number
of epochs; nonetheless, some of it can propagate to the
parallax estimation. This effect can lead to somewhat
different distances when using different calibrators as a
reference for the absolute coordinates of the targeted
sources.
To estimate the strength of this phase gradient, we
compare the distances of the Trapezium sources with
the coordinates referenced to the observed positions of
the secondary calibrators (Figure 1). The primary cali-
brator for the field is J0539-0514, which is located 1.2◦
away from the targets. The simultaneous fit gives 394±3
pc when all the coordinates are referenced to J0529-
0519 (1.3◦ away), 375±3 pc relative to J0541-0541 (1.6◦
away), and 382±3 pc relative to J0532-0307 (2.4◦ away).
As the Trapezium sources are located approximately
halfway between J0539-0514 and J0529-0519, we can es-
timate the systematic effect of the dispersive delay on
the parallax towards it to be on the order of 0.033 mas (5
pc at the distance of the ONC). This effect is consistent
throughout the ONC as long as these calibrators are sep-
arated by less than 1.5◦ from the target. Referencing the
coordinates to J0529-0519 tends to produce somewhat
larger distances than referencing them to J0539-0514.
This is also true in the cases where J0529-0519 is used
as the primary calibrator (i.e. in the cases of VLBA
14, 16, 18, and 19). We add 5 pc (or 0.033 mas) in
quadrature to the uncertainties in the weighted average
distance to account for this systematic effect. We adopt
a distance of 388±5 pc towards the ONC, including the
Trapezium.
This analysis cannot be performed on the solutions
obtained by MR, as they have observed only a single
calibrator. On one hand, as their observations were ob-
tained at higher frequency (8.4 GHz), they should be
less susceptible to the dispersive delay. On the other
hand, they have obtained fewer epochs, thus this effect
is somewhat more likely to propagate to the parallax,
and their primary calibrator is somewhat further away.
Some minor differences could also be attributed to the
difference in the fitting routines. Both the codes used
in this work and work done by MR produce fits within
81σ of each other when applied to a particular set of
positions. However, MR assume a circular orbit for the
Earth and fit parallax only from α, using δ only to fit µδ,
whereas the code used in this work considers the effect
of the parallax on both α and δ using the true orbit of
the Earth. Fitting positions quoted in MR produces a
combined distance of 406±4 pc including GMR G, or
409±3 pc excluding it.
While it is possible to make a single fit for each star
utilizing the data obtained by both S07, MR and this
work, the difficulty lies in the fact that the each survey
utilized a different observing and calibration strategy.
S07 used J0541-0541 as a primary calibrator and J0529-
0519 as the secondary calibrator. MR used J0541-0541
as the primary calibrator as well as the geodetic sources.
This work used J0539-0514 as the primary calibrator
with three secondary calibrators and geodetic sources.
The absolute positions of the calibrators that are found
in common between these works are assumed to be some-
what different, on up to a ∼ 1 mas level. All of these
factors introduce an offset in the absolute positions be-
tween these works that is not found in observing the
sources repeatedly with the same calibration strategy.
While it is possible to calibrate the magnitude of this
offset, the exact fit is strongly dependent on the man-
ner of calibration, therefore it is best to treat the data
obtained by different projects independently. However,
as both this work and S07 have a larger number of ob-
servations that the work done by MR, the fit utilizing
all the positions does seem to favor a significantly closer
distance than the one found by MR.
Multiplicity is another possible culprit of the differ-
ence between the fits. At least two stars observed by
MR are used in their distance estimate are spectroscopic
binaries, which makes distance solutions produced by
them to be inherently more uncertain. We analyzed the
effect of these orbits could have on the distance. The
effect on distance of GMR 12 is within 1 pc. No or-
bital solution currently exists for GMR F. For of the
remaining sources observed by this program and identi-
fied as spectroscopic binaries, the effect varies between
3 to 18 pc. While it is possible that it can contribute
to the difference between these two works, it is unlikely
that it could explain the systematic nature of the off-
set. Although it must be noted, that the orbital motion
parameters can be greatly affected by any systematic
offsets in the data, particularly when the orbits cannot
be fitted a priori.
Nonetheless, there is sufficient evidence to suggest
that the ONC is located closer than has been previously
estimated by MR. Systematic offsets would affect each
pointing differently. Therefore, a larger number of fields
with larger number of epochs and a larger number of
sources overall through the ONC implies that the over-
Figure 5. Measured distances to the individual stars in the
four clusters, sorted according to their δ. The averages for
each cluster are shown with semi-transparent rectangles.
all effect of the systematic offsets, if it is present, would
be more noticeable in this work than in the work done
by MR. The consistency in both the fitted distance and
the proper motions estimates of GMR A between this
work and that done by S07 suggests that our results are
reproducible, which would also be less likely if there was
a significant positional offset in our data. Finally, the
consistency in distance towards GMR G between this
work and that done by MR is surprising, given the lack
of consistency between other sources.
Finally, there exists the curious case of the NGC 1980
cluster which is located to the south of Trapezium in
the vicinity of ι Ori. This cluster has a somewhat older
population of stars compared to the rest of ONC (4-
5 Myr Alves & Bouy 2012). Unfortunately we do not
detect any YSOs towards it, but it is though to be lo-
cated at the distance of 380 pc obtained through pre-
main sequence fitting (Bouy et al. 2014). This is why
this cluster was thought to exist in the foreground of
ONC, as a separate entity. Nonetheless, the kinemat-
ics of NGC 1980 do not show any unique features not
present in ONC, and, in fact, the velocity dispersion
towards it is the smallest of any other region found to-
wards ONC (Da Rio et al. 2016; Kounkel et al. 2016).
If we assume a significantly closer distance towards the
Trapezium and the ONC than what was previously as-
sumed by MR then NGC 1980 should not be considered
a foreground cluster, but rather an integral part of the
ONC.
4.2. Structure of the Orion Complex
The weighted average distance with the weighted un-
certainty of all the stars located towards the ONC,
including the Trapezium, is 388±5 pc. The distance
9Figure 6. 3d model of the Orion Complex. The width of the
end ellipsoids in the model along the distance is representa-
tive of the uncertainties in the measurement and not the ac-
tual depth of each cluster. The plane of the sky plane shows
the extinction map from Gutermuth et al. (2011). Purple
shadows are the projections of the model onto the remaining
planes. Conversion of the length along the plane of the sky
to pc is done at the distance of 388 pc.
measurements to nearly all stars is consistent with the
average distance for the cluster (Figure 5). There is
some scatter in the individual measurements of distance.
Most of this scatter is likely to be systematic in nature.
Some of this scatter may be physical, as the stars de-
tected towards the ONC span a 4 pc region in the plane
of the sky at the distance of 388 pc. It is also possible
that some substructure is present in the ONC, however,
due to limited sampling this possibility is not definitive.
The southern end of L1641 appears to be located con-
siderably farther away, at 428±10 pc (Figure 6). We
include the effect of the dispersive delay in this value,
which we estimate to be comparable to what we found in
the ONC. Unfortunately we cannot measure it directly,
as all of the secondary calibrators are located too far
away from the targeted YSOs for their positions to be
useful.
The exact manner in which L1641 connects to the
ONC is unclear as there are no galactic sources detected
in the northern part of the filament. However, it is not
unreasonable to assume that the northern part of L1641
filament should be located at a similar distance to the
ONC. There is a smooth gradient in radial velocity (RV)
along the Orion A molecular cloud, ranging from ∼8 to
4 km s−1 from northern to southern end of the L1641
(Bally et al. 1987; Nishimura et al. 2015). This could
imply either a passive rotation of the cloud, moving from
very inclined to a more face-on orientation, or it could
be the result of something actively pushing on the gas
causing it to accelerate (it is notable that the Orion
Complex lies near the edge of the Orion-Eridanus su-
perbubble, Ochsendorf et al. 2015). If the latter is true,
it could potentially explain a large number of stars in
the ONC that appear to be blue-shifted relative to the
molecular gas (Kounkel et al. 2016), as their RV would
be representative of the initial velocity of the gas rather
than the current velocity.
It is difficult to determine how accurate our measure-
ment of the distance towards NGC 2068 is, as all of the
calibrators, including the primary calibrator, are over 3◦
away. We estimate the effect of the dispersive delay to
be on the order of 0.066 mas or 10 pc at the distance of
NGC 2068. We find a distance to NGC 2068 of 388±10
pc. Finally, a distance towards NGC 2024 at this time
cannot be reliably measured given the high incidence of
multiplicity, as well as a limited number of observations
currently available for the stars found towards this re-
gion. Neither can we currently obtain a reliable distance
towards the σ Ori cluster. This would be resolved with
further monitoring. At this time we estimate the dis-
tance towards NGC 2024 on the basis of measurements
towards VLBA 61/62 and VLBA 148 to be 423±15 pc.
4.3. Proper motions and runaway stars
Parallax and proper motion solutions (vpm) are avail-
able for 15 systems in the ONC. While this is insufficient
to perform a detailed analysis of the kinematics of the
region, it is possible to obtain mean motions of the clus-
ter.
Proper motions of long period binaries (i.e. VLBA
8, 9, 11, & 4/107) are not representative of the vpm
of the cluster, as they are significantly affected by the
orbital motion. Therefore, we do not include them in
the calculation of the mean. There are three stars that
can be considered significant outliers in terms of proper
motions. VLBA 16, 18, & 19 have vpm range between 4.2
to 7.3 mas year−1 (7.7 to 13.4 km s−1). The difference
is much larger than the typical dispersion velocity of 2.5
km s−1 found towards the ONC (Kounkel et al. 2016),
therefore, they are also not included in the calculation
of the proper motion of the cluster. The remaining 7
stars suggest vpm for the ONC of µ
lsr
α = 1.35±0.70 mas
year−1 = 2.49±1.29 km s−1 and µlsrδ = −1.44±1.51mas
year−1=−2.66 ± 2.79 km s−1, in the local standard of
rest reference frame, corrected for the peculiar motion of
the Sun (Figure 7). The uncertainties are obtained from
the variance in the individual measurement, although
they could be somewhat overestimated as the variance
is largely driven by the peculiar velocity of stars within
a cluster.
The most likely explanation for the high vpm for
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Figure 7. Proper motion vectors of the stars detected to-
wards the ONC, corrected for the average motion of the clus-
ter (µα = 1.38 mas year
−1, µδ = −0.36 mas year
−1). The
length of the vectors corresponds to motions over 5 × 104
years. The yellow dot at the center shows the current posi-
tion of θ1 Ori C. Blue lines show the trajectory of the run-
away stars over the last 105 years. All the sources are labeled
with their VLBA number. The greyscale background is the
8 µm Spitzer map from Megeath et al. (2012).
VLBA 16, 18, & 19 is that they have been ejected from
the cluster through a dynamical interaction within the
cluster core, with the most notable suspect being θ1 Ori
C. Unfortunately this star has not been detected by this
program, but assuming that its proper motion should be
similar to the average proper motion of the cluster, all
three runaway stars appear to originate in the vicinity of
it. Assuming linear motion, VLBA 16 appears to have
been ejected ∼ 8× 104 yr ago, VLBA 18 ∼ 12× 104 yr
ago, and VLBA 19 ∼ 8 × 104 yr ago. Some decelera-
tion probably has occurred as they moved through the
cluster; however, assuming the potential calculated by
Hillenbrand & Hartmann (1998), this deceleration is not
significant compared to the current vpm of these stars.
Figure 8. Proper motion vectors of the stars detected to-
wards L1641 in the local standard of rest reference frame.
The length of the vectors corresponds to motions over 5×104
years. Orange vectors are the measured proper motions,
blue vectors are motions relative to the average motion of
the ONC with a combination of ±1σ formal uncertainty of
the average motion of the ONC in both µα and µδ. All the
sources are labeled with their VLBA number. The greyscale
background is 8 µm Spitzer map from Megeath et al. (2012)
Figure 9. Same as Figure 8, but for NGC 2024.
VLBA 16, 18, & 19 are not alone in suffering the fate of
being runaway stars. Poveda et al. (2005) identify JW
451 and 349 having vpm of 57 and 31 km s
−1, which also
appear to originate from θ1 Ori C 1000 and 6000 yr. ago
respectively. More famously, sources BN, I and n in the
Orion BN/KL nebula have been accelerated to speeds of
up to 26 km s−1 through a dynamical interaction 500 yr.
ago (Go´mez et al. 2008; Goddi et al. 2011). Even on a
more extreme case, µ Col, AE Aur, and the compact bi-
nary ι Ori are thought to be ejected from the Trapezium
cluster some 2.5 Myr ago through a four-body interac-
tion (de Zeeuw et al. 2001; Gualandris et al. 2004).
The average proper motion of L1641 is µlsrα = 0.82±
0.39 mas year−1 = 1.67±0.79 km s−1 and µlsrδ = −2.20±
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Figure 10. Same as Figure 8, but for NGC 2068.
0.38 mas year−1=−4.48 ± 0.78 km s−1. The southern
end of the cloud appears to move westward relative to
the ONC, although it is not collapsing into the ONC
directly (Figure 8).
Analysis of the proper motions of NGC 2024 is once
again made more complex by the multiplicity of the
sources. The motions of VLBA 58, 125 & 126, if they are
indeed binaries, would be at least partially affected by
the orbital motion. We obtained an orbital fit for VLBA
61/62, but the proper motions remain to be rather un-
certain. Finally, VLBA 148 appears to be moving away
from the cluster, and its motion appears to be rather dis-
tinct from however uncertain motions of the other stars.
It is possible that it could have been ejected through
dynamical interactions in the cluster, although further
monitoring would be necessary to confirm it (Figure 9).
The proper motion of NGC 2068 based on VLBA 63
and 69 is µlsrα = −0.62±0.73 mas year
−1 = −1.15±1.34
km s−1 and µlsrδ = −1.27± 0.02 mas year
−1 = −2.35±
0.04 km s−1 (Figure 10). It presently appears to move
towards NGC 2024, although this does not take into
account the relative velocities of the two clusters.
It is clear that the entire complex appears to move
in the southern direction on the equatorial globe, or in
the direction of galactic rotation (Figure 11). Orion A
also moves preferentially towards the East (towards the
galactic plane), and the ONC has the largest eastward
velocity compared to the other regions of the complex.
5. CONCLUSIONS
We monitored 36 non-thermal radio emitting YSOs
spread throughout the Orion Complex with VLBA over
a period of 2 years, and we report measured stellar par-
allaxes towards 26 of them. Fifteen of them are located
towards the ONC, and we find a distance of 388±5 pc to
the cluster; somewhat closer than the canonical 414± 7
Figure 11. Orange arrows: lsr proper motions of the regions
of the Orion Complex. Blue arrows: 1σ uncertainty range in
these values. Orange dot shows location of NGC 2024.
pc distance found by Menten et al. (2007) that is typi-
cally used in the literature. This result has implications
on the luminosity and ages of the cluster. If the cluster
is 7% closer than the previous estimation, this implies
that it is 12% fainter, and 20% older (assuming a rela-
tion t ∝ L−3/2) than what was previously reported in
surveys of the ONC such as the one by Da Rio et al.
(2010).
We also report distances towards other regions located
in the Orion Complex, such as L1641, NGC 2024, and
NGC 2068. While these values are somewhat more un-
certain due to significantly smaller sample size, limited
spatial coverage (particularly in case of L1641), and mul-
tiplicity, these are the first direct measurements of the
stellar parallaxes towards these regions. This provides
insight into the structure of the Complex.
We identify a possible region of large degree of plasma
scattering towards the λ Ori star forming region. The
degree of scattering is significant, with broadening of
the observed size of the objects of up to 16.5 mas near
the center of the cluster at 5 GHz. The scattering is
spread all within the ring 2.5—3◦ in radius produced by
supernova activity. Unfortunately, this effect made it
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impossible to measure astrometry accurately enough to
obtain a parallax towards stars found in this region.
A persistent problem in the analysis of both the par-
allax and proper motions of the stars is the multiplicity.
We conclusively identify 5 of 27 stars that have been
detected in at least three epochs belonging to a multi-
ple system with orbital periods between 6 months to
10 years, with at least three more systems identified
as likely binaries, although further monitoring would
be necessary to confirm them. It is impossible to ac-
curately determine parallaxes to these systems without
solving for orbital motion of these systems, which we
can presently do to only two of them. Six stars are
known spectroscopic binaries with very short periods
(one of them also has an aforementioned intermediate
period companion); possibly a larger number of them
could have very close companions that are yet to be
identified, particularly since few surveys of spectroscopic
binaries have been performed in the Orion Complex out-
side of the ONC. While understanding of their orbits is
not detrimental for finding the parallax, it could still in-
fluence the solution somewhat. Finally, four stars in the
sample have long period companions, although only one
of them does not have a closer companion in a higher
order multiple system. These wide companions should
not affect the solution for the parallax, although they
do affect proper motions.
In all, at least 14 (possibly more) of 27 stars observed
with VLBA belong to multiple systems. Whether this
multiplicity fraction is consistent with that for the entire
Complex is not yet known as it is presently difficult to
identify companions with intermediate periods towards
Orion due to its distance. Future generations of high
resolution optical and IR telescopes would make it pos-
sible to identify the full extent of multiplicity towards
this region.
Further monitoring of the identified YSOs would be
beneficial as due to variability in radio, currently only
a limited number of detections are available to some
stars. In the future it would be possible to more effec-
tively measure their parallax and proper motions. It will
also be necessary to confirm multiplicity and constrain
orbital parameters towards some sources.
The distance solutions produced by the GOBELINS
survey will be used as independent constraint on the
accuracy of Gaia, as the systematic effects behind the
sample selection and the individual observations are dif-
ferent between these two programs. Approximately half
of the systems observed with VLBA towards the Orion
Complex are optically visible, therefore it should be pos-
sible to compare the distance solutions towards them di-
rectly, at least in the ONC, although nebulosity could
significantly degrade performance in the optical regime.
On the other hand, star forming regions towards Orion
B suffer from high extinction; therefore only a few mem-
bers of NGC 2024 and NGC 2068 would be detectable
with Gaia.
We acknowledge helpful discussions with Mark Reid
which led to testing the possible effects of phase de-
lay in the ONC. G.N.O.-L., L.L., L.F.R., R.A.G.-L.L.,
G.P., and J.L.R. acknowledge DGAPA, UNAM, CONA-
CyT, Mexico for financial support. L.L. and G.N.O.-L.
also acknowledge support from von Humboldt Stiftung.
N.J.E. was supported by NSF grant AST-1109116 to the
University of Texas at Austin. P.A.B.G. acknowledges
financial support from FAPESP. The National Radio As-
tronomy Observatory is operated by Associated Univer-
sities, Inc., under cooperative agreement with the Na-
tional Science Foundation.
Table 1. Dates of the VLBA observations.
# R.A. Dec. Epoch 1 Epoch 2 Epoch 3 Epoch 4 Epoch 5
(J2000) (J2000) Date / Field name Date / Field name Date / Field name Date / Field name Date / Field name
1 05:35:13.5550 -05:21:37.8875 03/24/14 GD1 09/21/14 EG1 02/26/15 FB1 09/01/15 FP1 02/25/16 FA1
2 05:35:28.5199 -05:10:11.9953 03/24/14 GD2 09/21/14 EG2 02/26/15 FB2 09/01/15 FP2 02/25/16 FA2
3 05:35:57.8954 -05:23:01.0259 03/24/14 GD3 09/21/14 EG3 — — —
4 05:35:32.0330 -05:39:38.5578 — — 02/26/15 FB3 09/01/15 FP3 —
5 05:34:51.3847 -04:55:18.2572 03/10/14 GE1 09/22/14 EH1 02/27/15 FC2 08/31/15 FQ2 03/01/16 HV2
6 05:34:51.3847 -05:09:09.6415 03/10/14 GE2 09/22/14 EH2 02/27/15 FC3 08/31/15 FQ3 03/01/16 HV3
7 05:34:31.9858 -05:28:33.5795 03/10/14 GE3 09/22/14 EH3 02/27/15 FC1a 08/31/15 FQ1 03/01/16 HV1
8 05:35:49.5816 -05:16:05.3335 03/08/14 GF1 09/30/14 EI1 02/28/15 FD2 09/05/15 FR2 03/05/16 HW2
9 05:35:59.2812 -04:56:41.3956 03/08/14 GF2 09/30/14 EI2 — — —
10 05:36:08.9806 -05:41:01.8254 03/08/14 GF3 09/30/14 EI3 02/28/15 FD3 09/05/15 FR3 03/05/16 HW3
11 05:35:02.4698 -05:16:05.3335 — — 02/28/15 FD1 — —
12 05:35:16.3262 -04:41:26.8728 03/01/14 GG1 10/02/14 EJ1 03/01/15 FE1 09/13/15 FS1 03/08/16 HX1
Table 1 continued
13
Table 1 (continued)
# R.A. Dec. Epoch 1 Epoch 2 Epoch 3 Epoch 4 Epoch 5
(J2000) (J2000) Date / Field name Date / Field name Date / Field name Date / Field name Date / Field name
13 05:35:19.0975 -04:49:45.7032 03/01/14 GG2 10/02/14 EJ2 03/01/15 FE2 09/13/15 FS2 03/08/16 HX2
14 05:35:46.8103 -05:29:56.7182 03/01/14 GG3 10/02/14 EJ3 03/01/15 FE3 — —
15 05:35:02.4698 -05:34:47.7026 03/09/14 GH1 10/03/14 EK1 03/03/15 FF1 09/05/15 FR1 03/05/16 HW1
16 05:35:21.8618 -04:29:38.9299 03/09/14 GH2 10/03/14 EK2 03/03/15 FF2 09/13/15 FS3 03/08/16 HX3
17 05:35:57.8954 -04:40:45.3036 03/09/14 GH3 10/03/14 EK3 03/03/15 FF3 — —
18 05:35:45.4315 -06:16:08.4821 03/15/14 GI1 11/02/14 EL1 03/12/15 FG1 — —
19 05:36:21.4582 -06:21:41.0357 03/15/14 GI2 11/02/14 EL2 03/12/15 FG2 09/14/15 FT3 —
20 05:37:52.9104 -06:55:37.9276 03/15/14 GI3 11/02/14 EL3 — — —
21 05:40:25.3308 -08:08:22.6954 03/02/14 GJ1 10/06/14 EM1 — —
22 05:41:59.5543 -08:10:27.4033 03/02/14 GJ2 10/06/14 EM2 03/06/15 FH1 09/14/15 FT1 03/10/16 HY1
23 05:42:38.3525 -08:08:22.6954 03/02/14 GJ3 10/06/14 EM3 03/06/15 FH2 09/14/15 FT2 03/10/16 HY2
24 05:41:25.2326 -02:07:02.2382 03/23/14 GK1 10/10/14 EN1 03/08/15 FI1 — —
25 05:41:28.0039 -02:21:14.4072 03/23/14 GK2 10/10/14 EN2 03/08/15 FI2 09/15/15 FU1 —
26 05:41:41.8603 -01:54:54.7769 03/23/14 GK3 10/10/14 EN3 03/08/15 FI3 09/15/15 FU2 03/12/16 HZ1
27 05:45:39.6451 -00:08:28.9269 03/03/14 GL1 10/12/14 EO1 03/09/15 FJ1 09/19/15 FV1 —
28 05:46:35.0707 +00:04:40.8882 03/03/14 GL2 10/12/14 EO2 03/09/15 FJ2 09/19/15 FV2 03/12/16 HZ2
29 05:47:05.5548 +00:21:18.5494 03/03/14 GL3 10/12/14 EO3 03/09/15 FJ3 09/19/15 FV3 —
30 05:38:36.8107 -02:35:04.0477 03/04/14 GM1 10/07/15 EP1 — — —
31 05:39:15.6086 -02:33:40.9093 03/04/14 GM2 10/07/15 EP2 — — —
32 05:40:56.1341 -02:29:33.2380 03/04/14 GM3 10/07/15 EP3 — — —
33 05:39:35.0076 -02:41:59.7401 — — 03/13/15 FK1 09/21/15 FW1 03/15/16 I01
34 05:41:52.9454 -02:03:55.1768 — — 03/13/15 FK2 09/21/15 FW2 03/15/16 I02
35 05:34:44.4564 -04:44:54.7188 03/06/14 GN1 10/14/14 EQ1 — — —
36 05:35:02.4698 -06:03:12.0406 03/06/14 GN2 10/14/14 EQ2 — — —
37 05:35:35.7252 -05:52:06.9330 03/06/14 GN3 10/14/14 EQ3 — — —
38 05:34:39.9794 +10:02:14.5176 03/16/14 GO1 10/19/14 ER1 03/14/15 FL1 09/28/15 FX1 —
39 05:35:03.5354 +09:53:34.9033 03/16/14 GO2 10/19/14 ER2 03/14/15 FL2 09/28/15 FX2 —
40 05:53:49.9392 +01:37:19.6637 03/16/14 GO3 10/19/14 ER3 — — —
41 05:46:01.8154 +00:22:41.6879 — — 03/14/15 FL2 — —
42 05:36:57.4848 -06:52:10.0816 03/17/14 GP1 10/18/14 ES1 — — —
43 05:38:48.3360 -06:59:05.7736 03/17/14 GP2 10/18/14 ES2 03/16/15 FM2 — —
44 05:36:24.2294 -06:45:14.3892 — — 03/16/15 FM1 — —
45 05:45:47.9590 +00:14:22.8572 03/22/14 GQ1 10/21/14 ET1 — — —
46 05:47:05.5548 +00:12:18.1495 03/22/14 GQ2 10/21/14 ET2 — — —
aField was repositioned to RA=05:34:34.7570 DEC=-05:25:47.3027
Table 2. Assumed positions of the calibratorsa
Calibrator α δ
(J2000) (J2000)
J0539-0514 05:39:59.937192 -05:14:41.30174
J0529-0519 05:29:53.533450 -05:19:41.61678
J0541-0541 05:41:38.083371 -05:41:49.42843
J0532-0307 05:32:07.519261 -03:07:07.03799
J0517-0520 05:17:28.110157 -05:20:40.84222
J0542-0913 05:42:55.877408 -09:13:31.00660
Table 2 continued
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Table 2 (continued)
Calibrator α δ
(J2000) (J2000)
J0553-0840 05:53:41.891558 -08:40:01.90151
J0527-1002 05:27:24.060380 -10:02:57.26651
J0558-0055 05:58:44.391460 -00:55:06.92375
J0600-0005 06:00:03.503368 -00:05:59.03477
J0552+0313 05:52:50.101499 +03:13:27.24311
J0536+0944 05:36:31.978172 +09:44:20.63128
J0532+0732 05:32:38.998486 +07:32:43.34572
J0519+0848 05:19:10.811128 +08:48:56.73450
J0544+1118 05:44:52.199795 +11:18:49.92568
J0530+1331 05:30:56.416747 +13:31:55.14954
J0547+1223 05:47:06.276323 +12:23:46.24477
aWhen imaged, secondary calibrators are offset from
these positions as their coordinates are referenced to
the primary calibrator.
Table 3. Calibrators setup for the observed fields
Field Primary Secondary Secondary Secondary
# 1 2 3
1, 2, 3, 4, 8, 9, 10, 11, 12, 13, 14, 15, 16, 17 J0539-0514 J0529-0519 J0541-0541 J0532-0307
5, 6, 7, 35, 36 J0529-0519 J0539-0514 J0532-0307 J0517-0520
18, 19, 20, 37 J0539-0514 J0541-0541 J0529-0519 J0542-0913
21, 22, 23 J0542-0913 J0541-0541 J0553-0840 J0527-1002
24, 25, 26 J0532-0307 J0539-0514 J0541-0541 J0558-0055
27, 28, 29, 45, 46 J0558-0055 J0600-0005 J0552+0313 J0532-0307
30, 31, 32, 33, 34 J0532-0307 J0539-0514 J0529-0519 J0558-0055
38, 39 J0536+0944 J0532+0732 J0544+1118 J0530+1331
40 J0552+0313 J0600-0005 J0558-0055 J0606-0024
41 J0552+0313 J0532-0307 J0558-0055 J0606-0024
42, 43, 44 J0541-0541 J0539-0514 J0529-0519 J0542-0913
Table 4. Positions of sources identified in at least two epochs or with a single > 5σ detection. The
uncertainties for both α and δ are given in the units of mas.
VLBA YSO? R.A. Dec. Date Flux Field rms
(J2000, mas) (J2000, mas) (JD) (mJy) (mJy)
1 n 5:35:29.221269± 0.361 -5:05:44.137403± 0.491 2456741 0.593± 0.171 0.074
1 n 5:35:29.221299± 0.157 -5:05:44.136384± 0.402 2456922 0.570± 0.174 0.072
1 n 5:35:29.221302± 0.172 -5:05:44.136521± 0.361 2457080 0.673± 0.192 0.072
1 n 5:35:29.221309± 0.945 -5:05:44.136624± 0.418 2457266 1.695± 0.488 0.079
1 n 5:35:29.221302± 0.254 -5:05:44.136877± 0.485 2457444 0.702± 0.192 0.052
Table 4 continued
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Table 4 (continued)
VLBA YSO? R.A. Dec. Date Flux Field rms
(J2000, mas) (J2000, mas) (JD) (mJy) (mJy)
2 n 5:35:54.459037± 0.021 -5:24:37.112666± 0.038 2456741 4.856± 0.096 0.043
2 n 5:35:54.459059± 0.018 -5:24:37.112364± 0.031 2456922 4.718± 0.112 0.039
2 n 5:35:54.459086± 0.081 -5:24:37.113157± 0.119 2457083 5.441± 0.466 0.153
4 y 5:35:21.317846± 0.250 -5:12:12.690707± 0.395 2456741 0.317± 0.086 0.045
4 y 5:35:21.318783± 0.060 -5:12:12.685748± 0.141 2457266 0.684± 0.095 0.048
4 y 5:35:21.318540± 0.084 -5:12:12.683635± 0.379 2457444 0.094± 0.035 0.032
5 y 5:35:11.803819± 0.051 -5:21:49.262718± 0.100 2456741 3.646± 0.173 0.073
5 y 5:35:11.804248± 0.018 -5:21:49.263240± 0.026 2456922 8.892± 0.199 0.071
5 y 5:35:11.803953± 0.025 -5:21:49.264920± 0.046 2457080 5.030± 0.190 0.066
5 y 5:35:11.804341± 0.056 -5:21:49.264751± 0.074 2457266 3.185± 0.206 0.072
5 y 5:35:11.804070± 0.009 -5:21:49.266135± 0.016 2457444 9.213± 0.132 0.051
6 y 5:35:18.372414± 0.013 -5:22:37.429992± 0.025 2456741 14.220± 0.208 0.108
6 y 5:35:18.372850± 0.010 -5:22:37.429438± 0.020 2456922 9.206± 0.184 0.083
6 y 5:35:18.372585± 0.003 -5:22:37.429903± 0.008 2457080 25.680± 0.219 0.116
6 y 5:35:18.372997± 0.006 -5:22:37.428979± 0.011 2457266 15.217± 0.190 0.100
6 y 5:35:18.372742± 0.002 -5:22:37.429392± 0.005 2457444 29.309± 0.157 0.088
7 y 5:35:14.501244± 0.073 -5:22:38.692627± 0.149 2456741 1.882± 0.154 0.074
7 y 5:35:14.501673± 0.036 -5:22:38.694303± 0.067 2456922 2.851± 0.171 0.069
7 y 5:35:14.501387± 0.050 -5:22:38.696699± 0.135 2457080 1.132± 0.144 0.068
8 y 5:35:17.951876± 0.046 -5:22:45.438535± 0.097 2456741 2.746± 0.156 0.079
8 y 5:35:17.952365± 0.010 -5:22:45.437723± 0.021 2456922 8.807± 0.178 0.082
8 y 5:35:17.952130± 0.007 -5:22:45.437504± 0.020 2457080 6.271± 0.144 0.077
8 y 5:35:17.952589± 0.039 -5:22:45.435874± 0.086 2457266 1.725± 0.156 0.079
8 y 5:35:17.952392± 0.141 -5:22:45.435179± 0.297 2457444 0.493± 0.123 0.054
9 y 5:35:15.773290± 0.068 -5:23:09.873104± 0.125 2456741 2.203± 0.165 0.082
9 y 5:35:15.773690± 0.051 -5:23:09.872405± 0.099 2456922 1.851± 0.175 0.076
9 y 5:35:15.773391± 0.012 -5:23:09.872635± 0.034 2457080 4.906± 0.170 0.086
9 y 5:35:15.773756± 0.066 -5:23:09.871454± 0.134 2457266 0.864± 0.144 0.079
9 y 5:35:15.773488± 0.010 -5:23:09.871626± 0.026 2457444 4.549± 0.126 0.064
10 - 5:34:55.973654± 0.070 -5:23:13.039730± 0.148 2456741 3.556± 0.319 0.167
11 y 5:35:15.828463± 0.019 -5:23:14.147913± 0.040 2456741 9.184± 0.192 0.091
11 y 5:35:15.828980± 0.007 -5:23:14.149115± 0.015 2456922 13.750± 0.200 0.091
11 y 5:35:15.828775± 0.003 -5:23:14.150889± 0.007 2457080 30.113± 0.229 0.122
11 y 5:35:15.829260± 0.021 -5:23:14.151697± 0.047 2457266 3.145± 0.155 0.080
11 y 5:35:15.829094± 0.003 -5:23:14.153141± 0.005 2457444 29.282± 0.157 0.086
12 - 5:35:09.675268± 0.129 -5:23:55.914015± 0.296 2456741 1.010± 0.171 0.089
13 y 5:35:22.877241± 0.200 -5:24:57.618375± 0.418 2456741 1.271± 0.281 0.132
13 y 5:35:22.877661± 0.041 -5:24:57.617051± 0.089 2456922 3.219± 0.273 0.128
14 y 5:34:46.416901± 0.045 -4:54:02.018786± 0.120 2456727 0.608± 0.061 0.028
14 y 5:34:46.417281± 0.048 -4:54:02.019390± 0.116 2456923 0.494± 0.070 0.038
14 y 5:34:46.417003± 0.048 -4:54:02.019970± 0.103 2457081 0.448± 0.056 0.031
14 y 5:34:46.417395± 0.036 -4:54:02.019538± 0.086 2457265 0.571± 0.056 0.031
14 y 5:34:46.417130± 0.034 -4:54:02.020847± 0.082 2457449 0.663± 0.057 0.030
15 n 5:34:55.752522± 0.091 -5:07:42.419124± 0.171 2456727 0.335± 0.061 0.029
15 n 5:34:55.752524± 0.102 -5:07:42.419077± 0.171 2456923 0.474± 0.090 0.039
15 n 5:34:55.752529± 0.070 -5:07:42.419294± 0.185 2457081 0.350± 0.064 0.032
15 n 5:34:55.752498± 0.120 -5:07:42.418982± 0.291 2457265 0.410± 0.083 0.032
15 n 5:34:55.752531± 0.072 -5:07:42.419385± 0.170 2457449 0.450± 0.067 0.031
16 y 5:34:27.338830± 0.046 -5:24:22.298547± 0.105 2456727 1.480± 0.131 0.055
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VLBA YSO? R.A. Dec. Date Flux Field rms
(J2000, mas) (J2000, mas) (JD) (mJy) (mJy)
16 y 5:34:27.338910± 0.015 -5:24:22.298867± 0.036 2456923 4.084± 0.154 0.077
16 y 5:34:27.338456± 0.061 -5:24:22.299393± 0.139 2457265 0.667± 0.107 0.059
17 n 5:34:37.644744± 0.113 -4:54:36.057877± 0.209 2456727 0.656± 0.109 0.041
17 n 5:34:37.644705± 0.207 -4:54:36.058330± 0.366 2456923 1.307± 0.249 0.056
17 n 5:34:37.644723± 0.144 -4:54:36.058907± 0.253 2457081 1.149± 0.169 0.045
17 n 5:34:37.644748± 0.177 -4:54:36.058188± 0.271 2457265 1.119± 0.176 0.045
17 n 5:34:37.644734± 0.140 -4:54:36.058345± 0.330 2457449 0.825± 0.147 0.043
18 y 5:35:04.300973± 0.048 -5:08:12.635549± 0.123 2456727 1.058± 0.099 0.041
18 y 5:35:04.301317± 0.033 -5:08:12.631600± 0.076 2456923 1.186± 0.106 0.056
18 y 5:35:04.301006± 0.091 -5:08:12.628882± 0.234 2457081 0.423± 0.093 0.046
18 y 5:35:04.301306± 0.043 -5:08:12.624074± 0.111 2457265 0.720± 0.081 0.044
18 y 5:35:04.300989± 0.019 -5:08:12.621965± 0.050 2457449 1.631± 0.083 0.043
19 y 5:34:39.760068± 0.009 -5:24:25.602895± 0.023 2456727 6.968± 0.142 0.067
19 y 5:34:39.760258± 0.025 -5:24:25.603386± 0.060 2456923 2.644± 0.170 0.083
19 y 5:34:39.759825± 0.005 -5:24:25.604508± 0.011 2457081 5.774± 0.071 0.040
19 y 5:34:39.760012± 0.006 -5:24:25.603957± 0.013 2457265 8.917± 0.127 0.071
19 y 5:34:39.759547± 0.041 -5:24:25.605553± 0.098 2457449 1.281± 0.123 0.063
20 n 5:34:24.634322± 0.372 -5:28:38.591512± 0.241 2456727 32.031± 0.861 0.287
20 n 5:34:24.634361± 0.311 -5:28:38.591576± 0.229 2456923 23.157± 0.695 0.333
20 n 5:34:24.634376± 0.409 -5:28:38.593326± 0.295 2457081 14.188± 0.442 0.159
20 n 5:34:24.634361± 0.209 -5:28:38.592132± 0.168 2457265 27.002± 0.561 0.241
20 n 5:34:24.634424± 0.175 -5:28:38.591967± 0.133 2457449 24.492± 0.387 0.179
21 n 5:35:58.889809± 0.005 -4:55:37.747458± 0.009 2456725 37.615± 0.268 0.120
21 n 5:35:58.889820± 0.006 -4:55:37.747366± 0.010 2456931 35.608± 0.260 0.106
22 y 5:36:15.028797± 0.093 -5:38:52.517532± 0.222 2456725 0.193± 0.055 0.034
22 y 5:36:15.029191± 0.116 -5:38:52.518034± 0.210 2456931 0.317± 0.073 0.036
22 y 5:36:15.028876± 0.156 -5:38:52.518592± 0.256 2457082 0.306± 0.092 0.044
22 y 5:36:15.029260± 0.063 -5:38:52.518003± 0.166 2457270 0.428± 0.071 0.039
22 y 5:36:15.028977± 0.054 -5:38:52.518857± 0.104 2457451 0.489± 0.061 0.034
23 n 5:35:59.539949± 0.129 -5:15:48.575088± 0.291 2456725 0.317± 0.080 0.035
23 n 5:35:59.539933± 0.135 -5:15:48.574553± 0.266 2456931 0.451± 0.094 0.038
23 n 5:35:59.539916± 0.282 -5:15:48.574265± 0.374 2457270 0.367± 0.118 0.042
23 n 5:35:59.539932± 0.426 -5:15:48.574805± 0.443 2457451 0.385± 0.119 0.035
24 n 5:36:04.437254± 0.175 -4:59:08.485553± 0.201 2456725 0.670± 0.112 0.035
24 n 5:36:04.437282± 0.216 -4:59:08.485076± 0.338 2456931 0.746± 0.143 0.037
25 n 5:35:56.874855± 0.124 -5:39:17.444013± 0.146 2456725 0.893± 0.120 0.042
25 n 5:35:56.874841± 0.180 -5:39:17.443318± 0.177 2456931 0.638± 0.124 0.047
25 n 5:35:56.874876± 0.191 -5:39:17.444630± 0.513 2457082 0.594± 0.174 0.055
25 n 5:35:56.874899± 0.081 -5:39:17.443995± 0.202 2457270 0.803± 0.118 0.050
25 n 5:35:56.874941± 0.113 -5:39:17.443732± 0.214 2457451 0.480± 0.095 0.042
26 n 5:35:42.272935± 0.051 -5:15:59.353932± 0.071 2456725 2.684± 0.120 0.032
26 n 5:35:42.272941± 0.039 -5:15:59.353522± 0.058 2456931 3.409± 0.126 0.035
26 n 5:35:42.272943± 0.056 -5:15:59.354327± 0.076 2457082 3.025± 0.154 0.040
26 n 5:35:42.272950± 0.060 -5:15:59.354108± 0.081 2457270 2.609± 0.137 0.037
26 n 5:35:42.272984± 0.029 -5:15:59.353520± 0.044 2457451 3.584± 0.106 0.031
27 y 5:35:31.365567± 0.249 -5:16:02.555211± 0.388 2456725 0.622± 0.185 0.064
27 y 5:35:31.365224± 0.177 -5:16:02.557312± 0.316 2457082 0.760± 0.210 0.082
27 y 5:35:31.365752± 0.087 -5:16:02.557264± 0.204 2457451 0.662± 0.130 0.064
28 y 5:35:31.364105± 0.210 -5:16:02.582134± 0.424 2456725 0.334± 0.133 0.064
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VLBA YSO? R.A. Dec. Date Flux Field rms
(J2000, mas) (J2000, mas) (JD) (mJy) (mJy)
28 y 5:35:31.366360± 0.000 -5:16:02.553454± 0.222 2457270 0.572± 0.133 0.075
29 n 5:36:18.024457± 0.076 -5:41:49.395347± 0.123 2456725 0.802± 0.085 0.033
29 n 5:36:18.024465± 0.098 -5:41:49.395720± 0.195 2456931 0.731± 0.103 0.037
29 n 5:36:18.024465± 0.114 -5:41:49.395791± 0.244 2457082 0.402± 0.094 0.042
29 n 5:36:18.024449± 0.068 -5:41:49.395514± 0.151 2457270 0.503± 0.076 0.038
29 n 5:36:18.024466± 0.063 -5:41:49.395723± 0.139 2457451 0.448± 0.064 0.032
30 n 5:36:20.738568± 0.091 -5:44:41.082353± 0.195 2456725 0.756± 0.136 0.062
30 n 5:36:20.738567± 0.151 -5:44:41.082279± 0.322 2456931 0.665± 0.168 0.066
30 n 5:36:20.738570± 0.165 -5:44:41.082572± 0.400 2457270 0.778± 0.200 0.074
31 n 5:36:01.403030± 0.081 -5:28:59.120308± 0.247 2456718 0.510± 0.113 0.056
31 n 5:36:01.403062± 0.148 -5:28:59.119349± 0.322 2456933 0.555± 0.124 0.056
31 n 5:36:01.403035± 0.481 -5:28:59.120611± 0.676 2457083 0.639± 0.242 0.073
33 y 5:34:56.482348± 0.036 -5:31:36.181799± 0.074 2456722 1.422± 0.100 0.047
33 y 5:34:56.482822± 0.069 -5:31:36.183582± 0.194 2457270 0.497± 0.095 0.051
34 y 5:35:21.867971± 0.024 -4:29:39.003308± 0.054 2456722 1.504± 0.067 0.028
34 y 5:35:21.868370± 0.027 -4:29:39.002193± 0.051 2456934 1.657± 0.069 0.028
34 y 5:35:21.868088± 0.021 -4:29:39.002155± 0.046 2457085 1.377± 0.056 0.030
34 y 5:35:21.868523± 0.010 -4:29:39.000918± 0.027 2457278 1.714± 0.049 0.026
34 y 5:35:21.868207± 0.015 -4:29:39.000725± 0.035 2457456 1.398± 0.053 0.028
35 n 5:36:03.680914± 0.131 -4:40:30.884426± 0.214 2456722 0.550± 0.089 0.029
35 n 5:36:03.680912± 0.048 -4:40:30.884182± 0.076 2456934 1.062± 0.074 0.029
35 n 5:36:03.680915± 0.061 -4:40:30.884739± 0.119 2457085 0.931± 0.077 0.032
36 n 5:35:50.634422± 0.379 -4:42:02.046153± 0.613 2456722 0.750± 0.195 0.033
36 n 5:35:50.634415± 0.257 -4:42:02.044114± 0.364 2456934 0.586± 0.129 0.033
36 n 5:35:50.634460± 0.197 -4:42:02.045712± 0.313 2457085 0.710± 0.119 0.035
38 n 5:37:58.711522± 0.136 -6:55:34.663282± 0.307 2456732 0.315± 0.072 0.028
38 n 5:37:58.711527± 0.183 -6:55:34.664011± 0.305 2456964 0.330± 0.071 0.033
39 n 5:35:49.419337± 0.164 -6:18:01.686418± 0.306 2456732 0.574± 0.105 0.030
39 n 5:35:49.419277± 0.154 -6:18:01.685891± 0.367 2456964 0.319± 0.076 0.035
39 n 5:35:49.419325± 0.121 -6:18:01.685758± 0.191 2457094 0.768± 0.093 0.033
40 n 5:35:49.419608± 0.150 -6:18:01.689202± 0.221 2456732 0.633± 0.100 0.030
40 n 5:35:49.419500± 0.471 -6:18:01.688052± 0.585 2456964 0.646± 0.157 0.035
40 n 5:35:49.419606± 0.144 -6:18:01.688559± 0.204 2457094 1.139± 0.118 0.033
41 n 5:36:22.551375± 0.029 -6:25:13.642128± 0.057 2456732 2.436± 0.108 0.042
41 n 5:36:22.551377± 0.030 -6:25:13.642018± 0.064 2456964 1.998± 0.096 0.049
41 n 5:36:22.551379± 0.033 -6:25:13.641518± 0.058 2457094 2.690± 0.113 0.049
42 n 5:36:22.552036± 0.072 -6:25:13.665593± 0.176 2456732 0.334± 0.071 0.042
42 n 5:36:22.552060± 0.181 -6:25:13.661660± 0.503 2456964 0.433± 0.113 0.049
43 n 5:36:21.165562± 0.087 -6:26:41.072181± 0.148 2456732 1.297± 0.172 0.069
43 n 5:36:21.165564± 0.081 -6:26:41.072059± 0.153 2456964 1.145± 0.147 0.078
43 n 5:36:21.165558± 0.124 -6:26:41.071465± 0.247 2457094 1.035± 0.176 0.074
43 n 5:36:21.165562± 0.164 -6:26:41.072058± 0.213 2457279 0.753± 0.174 0.072
44 n 5:40:31.313317± 0.017 -8:08:51.493585± 0.041 2456719 2.040± 0.070 0.032
44 n 5:40:31.313337± 0.018 -8:08:51.492814± 0.040 2456937 1.764± 0.064 0.029
45 y 5:42:33.676564± 0.101 -8:07:15.184179± 0.219 2456719 0.570± 0.086 0.031
45 y 5:42:33.676912± 0.034 -8:07:15.183626± 0.086 2456937 0.601± 0.055 0.030
45 y 5:42:33.676625± 0.046 -8:07:15.183592± 0.122 2457088 0.454± 0.055 0.028
45 y 5:42:33.676947± 0.083 -8:07:15.183115± 0.146 2457279 0.419± 0.065 0.031
45 y 5:42:33.676671± 0.050 -8:07:15.184205± 0.121 2457458 0.377± 0.051 0.030
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VLBA YSO? R.A. Dec. Date Flux Field rms
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46 y 5:42:07.980679± 0.030 -8:12:02.997159± 0.081 2456719 1.155± 0.080 0.038
46 y 5:42:07.980993± 0.098 -8:12:02.997060± 0.247 2456937 0.239± 0.061 0.035
46 y 5:42:07.980704± 0.053 -8:12:02.997425± 0.112 2457088 0.557± 0.067 0.033
46 y 5:42:07.981006± 0.083 -8:12:02.996525± 0.195 2457279 0.313± 0.066 0.037
46 y 5:42:07.980707± 0.072 -8:12:02.998480± 0.181 2457458 0.219± 0.050 0.032
47 n 5:42:49.582020± 0.066 -8:09:48.491294± 0.064 2456719 3.911± 0.176 0.043
47 n 5:42:49.582033± 0.038 -8:09:48.490801± 0.039 2456937 5.252± 0.151 0.040
47 n 5:42:49.582042± 0.029 -8:09:48.490412± 0.038 2457088 4.987± 0.137 0.038
47 n 5:42:49.582031± 0.053 -8:09:48.490720± 0.048 2457458 4.308± 0.152 0.038
48 n 5:42:49.581991± 0.072 -8:09:48.491355± 0.069 2456719 3.589± 0.175 0.043
48 n 5:42:49.581978± 0.085 -8:09:48.490615± 0.074 2457279 3.837± 0.194 0.043
49 n 5:42:31.066345± 0.484 -8:10:12.818847± 0.561 2456719 0.614± 0.185 0.037
49 n 5:42:31.066386± 0.214 -8:10:12.818962± 0.510 2456937 0.363± 0.108 0.034
52 n 5:41:23.821750± 0.091 -2:03:29.800318± 0.139 2456739 1.674± 0.148 0.041
52 n 5:41:23.821704± 0.053 -2:03:29.800311± 0.110 2456941 1.179± 0.099 0.047
52 n 5:41:23.821737± 0.056 -2:03:29.801516± 0.081 2457090 2.545± 0.159 0.050
54 n 5:41:27.519923± 0.171 -2:23:11.222448± 0.229 2456739 1.154± 0.141 0.029
54 n 5:41:27.519913± 0.508 -2:23:11.222310± 0.595 2456941 0.675± 0.166 0.033
54 n 5:41:27.519914± 0.212 -2:23:11.223703± 0.271 2457090 0.986± 0.160 0.036
54 n 5:41:27.519910± 0.168 -2:23:11.222587± 0.175 2457280 0.896± 0.115 0.029
55 n 5:41:21.696254± 0.006 -2:11:08.387032± 0.011 2456739 177.470± 1.440 0.625
55 n 5:41:21.696230± 0.002 -2:11:08.387313± 0.002 2456941 337.700± 0.505 0.571
55 n 5:41:21.696242± 0.007 -2:11:08.387866± 0.011 2457090 193.320± 1.730 0.782
56 - 5:41:14.805586± 0.471 -2:23:38.827764± 0.448 2456739 1.899± 0.368 0.050
56 - 5:41:14.805430± 0.290 -2:23:38.827931± 0.296 2456941 0.766± 0.167 0.057
56 - 5:41:14.805561± 0.450 -2:23:38.828679± 0.383 2457090 1.795± 0.364 0.060
56 - 5:41:14.805466± 0.358 -2:23:38.827615± 0.259 2457280 1.617± 0.276 0.049
57 n 5:41:18.660241± 0.093 -2:11:11.660553± 0.139 2456739 1.482± 0.162 0.055
57 n 5:41:18.660215± 0.121 -2:11:11.661233± 0.216 2456941 0.706± 0.127 0.065
57 n 5:41:18.660220± 0.189 -2:11:11.661649± 0.250 2457090 1.590± 0.263 0.067
58 y 5:41:37.743240± 0.150 -1:53:51.584206± 0.294 2456739 0.480± 0.098 0.033
58 y 5:41:37.743520± 0.102 -1:53:51.584820± 0.224 2456941 0.373± 0.068 0.037
58 y 5:41:37.743259± 0.034 -1:53:51.585557± 0.079 2457090 1.548± 0.098 0.042
58 y 5:41:37.743555± 0.078 -1:53:51.584289± 0.173 2457280 0.382± 0.067 0.033
58 y 5:41:37.743229± 0.080 -1:53:51.584917± 0.129 2457459 0.574± 0.069 0.028
61 y 5:41:46.155356± 0.054 -1:56:22.197597± 0.103 2456739 1.098± 0.090 0.035
61 y 5:41:46.155655± 0.020 -1:56:22.195860± 0.042 2456941 1.684± 0.068 0.044
61 y 5:41:46.155412± 0.054 -1:56:22.195162± 0.116 2457090 1.022± 0.100 0.042
61 y 5:41:46.155790± 0.039 -1:56:22.192641± 0.083 2457280 0.709± 0.066 0.004
61 y 5:41:46.155541± 0.024 -1:56:22.192840± 0.050 2457459 1.600± 0.071 0.029
62 y 5:41:46.155947± 0.148 -1:56:22.200091± 0.201 2456739 0.521± 0.094 0.035
62 y 5:41:46.156124± 0.060 -1:56:22.207287± 0.134 2457280 0.489± 0.068 0.004
62 y 5:41:46.155713± 0.091 -1:56:22.208619± 0.220 2457459 0.483± 0.077 0.029
63 y 5:46:43.621888± 0.046 +0:05:28.334499± 0.089 2456720 1.097± 0.072 0.034
63 y 5:46:43.622215± 0.093 +0:05:28.334414± 0.168 2456943 0.291± 0.059 0.031
63 y 5:46:43.621826± 0.177 +0:05:28.334049± 0.283 2457091 0.491± 0.102 0.044
63 y 5:46:43.622127± 0.019 +0:05:28.333756± 0.049 2457284 1.470± 0.066 0.035
63 y 5:46:43.621747± 0.021 +0:05:28.333531± 0.039 2457459 1.675± 0.064 0.029
64 - 5:47:03.312514± 0.069 +0:23:23.254767± 0.122 2456720 0.728± 0.070 0.033
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VLBA YSO? R.A. Dec. Date Flux Field rms
(J2000, mas) (J2000, mas) (JD) (mJy) (mJy)
65 n 5:45:57.806808± 0.081 -0:09:29.028825± 0.137 2456720 1.639± 0.156 0.068
65 n 5:45:57.806859± 0.056 -0:09:29.028101± 0.138 2456943 1.571± 0.157 0.063
65 n 5:45:57.806809± 0.061 -0:09:29.028511± 0.102 2457091 2.055± 0.182 0.089
65 n 5:45:57.806790± 0.034 -0:09:29.028117± 0.078 2457284 1.741± 0.128 0.067
66 n 5:45:34.549284± 0.045 -0:10:51.168950± 0.069 2456720 1.212± 0.074 0.036
66 n 5:45:34.549334± 0.045 -0:10:51.168132± 0.100 2456943 0.726± 0.070 0.034
66 n 5:45:34.549299± 0.041 -0:10:51.168691± 0.070 2457091 1.716± 0.102 0.048
66 n 5:45:34.549312± 0.024 -0:10:51.168177± 0.056 2457284 1.324± 0.069 0.036
68 y 5:46:43.385365± 0.083 +0:04:36.039096± 0.132 2456720 0.799± 0.077 0.033
68 y 5:46:43.385640± 0.093 +0:04:36.038821± 0.156 2456943 0.359± 0.062 0.030
68 y 5:46:43.385269± 0.093 +0:04:36.037718± 0.208 2457091 0.499± 0.086 0.043
68 y 5:46:43.385735± 0.136 +0:04:36.039402± 0.311 2457284 0.329± 0.076 0.033
68 y 5:46:43.385378± 0.018 +0:04:36.040275± 0.034 2457459 1.750± 0.061 0.029
69 y 5:46:45.337615± 0.025 +0:02:40.298705± 0.043 2456720 2.981± 0.098 0.045
69 y 5:46:45.337978± 0.013 +0:02:40.298807± 0.027 2456943 2.753± 0.081 0.043
69 y 5:46:45.337623± 0.029 +0:02:40.298133± 0.055 2457091 2.792± 0.122 0.058
69 y 5:46:45.337954± 0.012 +0:02:40.298146± 0.029 2457284 2.906± 0.079 0.043
69 y 5:46:45.337616± 0.010 +0:02:40.297826± 0.020 2457459 3.940± 0.079 0.039
70 n 5:47:09.501459± 0.161 +0:18:37.142650± 0.243 2456720 0.407± 0.081 0.037
70 n 5:47:09.501456± 0.174 +0:18:37.143304± 0.291 2457091 0.413± 0.106 0.050
70 n 5:47:09.501468± 0.204 +0:18:37.143768± 0.323 2457284 0.554± 0.112 0.037
71 n 5:39:09.641521± 0.202 -2:30:37.195967± 0.540 2456721 0.654± 0.152 0.039
71 n 5:39:09.641456± 0.280 -2:30:37.196066± 0.384 2456938 0.799± 0.168 0.040
72 n 5:41:13.685589± 0.174 -2:27:43.047786± 0.425 2456721 0.566± 0.168 0.064
72 n 5:41:13.685557± 0.164 -2:27:43.047366± 0.321 2456938 0.766± 0.181 0.066
73 n 5:38:58.976809± 0.075 -2:34:13.713580± 0.172 2456721 5.069± 0.392 0.094
73 n 5:38:58.976786± 0.110 -2:34:13.713765± 0.190 2456938 5.011± 0.450 0.096
74 n 5:39:23.636629± 0.212 -2:34:46.971495± 0.435 2456721 0.547± 0.120 0.031
74 n 5:39:23.636644± 0.148 -2:34:46.972488± 0.342 2456938 0.498± 0.100 0.032
75 n 5:38:24.223666± 0.165 -2:37:10.710238± 0.347 2456721 0.639± 0.137 0.044
75 n 5:38:24.223646± 0.133 -2:37:10.709591± 0.327 2456938 0.521± 0.118 0.046
76 n 5:34:30.548562± 0.056 -4:44:29.490191± 0.108 2456723 0.893± 0.092 0.041
76 n 5:34:30.548552± 0.057 -4:44:29.490088± 0.120 2456945 1.139± 0.118 0.050
77 n 5:34:56.345066± 0.060 -4:45:49.025801± 0.135 2456723 0.644± 0.081 0.037
77 n 5:34:56.345058± 0.080 -4:45:49.025172± 0.142 2456945 0.691± 0.100 0.044
78 n 5:35:11.372443± 0.103 -6:05:28.416583± 0.204 2456723 0.566± 0.095 0.037
78 n 5:35:11.372438± 0.133 -6:05:28.416600± 0.206 2456945 0.744± 0.126 0.046
79 n 5:35:42.283177± 0.063 -5:55:36.170548± 0.204 2456723 1.034± 0.135 0.054
79 n 5:35:42.283205± 0.085 -5:55:36.170157± 0.138 2456945 1.183± 0.152 0.062
80 - 5:34:55.558762± 0.904 +9:57:13.118744± 1.257 2456733 0.869± 0.230 0.105
80 - 5:34:55.558555± 0.438 +9:57:13.121157± 0.611 2456950 0.288± 0.086 0.066
80 - 5:34:55.558609± 0.320 +9:57:13.117902± 0.557 2457096 0.344± 0.088 0.076
83 - 5:35:03.536585± 0.680 +9:56:40.767727± 0.999 2456733 0.718± 0.163 0.080
83 - 5:35:03.536520± 0.349 +9:56:40.770696± 1.253 2456950 0.402± 0.122 0.050
83 - 5:35:03.536576± 0.435 +9:56:40.769180± 1.004 2457096 0.242± 0.094 0.055
84 n 5:53:36.852058± 0.032 +1:34:17.173793± 0.055 2456733 2.856± 0.137 0.058
84 n 5:53:36.852090± 0.033 +1:34:17.173715± 0.055 2456950 3.114± 0.134 0.067
85 n 5:34:28.418538± 0.504 +10:04:22.548315± 0.751 2456733 1.343± 0.198 0.087
85 n 5:34:28.418582± 0.438 +10:04:22.553867± 0.719 2456950 0.157± 0.074 0.056
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VLBA YSO? R.A. Dec. Date Flux Field rms
(J2000, mas) (J2000, mas) (JD) (mJy) (mJy)
85 n 5:34:28.418748± 0.361 +10:04:22.555133± 0.677 2457096 0.206± 0.077 0.064
85 n 5:34:28.418489± 0.157 +10:04:22.551260± 0.247 2457293 1.421± 0.202 0.052
87 n 5:34:59.441635± 0.204 +9:53:11.915404± 0.229 2456733 1.743± 0.112 0.059
87 n 5:34:59.441575± 0.238 +9:53:11.916740± 0.336 2456950 1.448± 0.154 0.037
87 n 5:34:59.441538± 0.142 +9:53:11.916800± 0.338 2457096 1.026± 0.112 0.041
87 n 5:34:59.441626± 0.081 +9:53:11.919702± 0.107 2457293 2.053± 0.186 0.066
88 - 5:34:49.707676± 0.501 +9:51:53.772928± 0.748 2456733 2.127± 0.259 0.096
88 - 5:34:49.707574± 0.254 +9:51:53.774428± 0.492 2456950 0.477± 0.095 0.060
88 - 5:34:49.707605± 0.489 +9:51:53.774228± 0.908 2457096 0.418± 0.126 0.068
89 n 5:36:57.321442± 0.070 -6:48:02.076278± 0.084 2456734 3.678± 0.223 0.054
89 n 5:36:57.321447± 0.043 -6:48:02.076839± 0.066 2456949 4.414± 0.195 0.054
90 n 5:36:57.322637± 0.348 -6:48:02.120081± 0.554 2456734 1.032± 0.272 0.054
90 n 5:36:57.322639± 0.174 -6:48:02.120431± 0.265 2456949 0.935± 0.179 0.054
91 n 5:38:35.539401± 0.015 -6:59:13.675138± 0.019 2456734 7.062± 0.130 0.047
91 n 5:38:35.539399± 0.009 -6:59:13.675672± 0.013 2456949 10.000± 0.117 0.045
91 n 5:38:35.539386± 0.009 -6:59:13.675520± 0.016 2457098 9.261± 0.104 0.046
92 n 5:36:57.438600± 0.061 -6:49:54.910749± 0.178 2456734 0.486± 0.075 0.034
92 n 5:36:57.438602± 0.043 -6:49:54.911230± 0.085 2456949 0.788± 0.071 0.034
93 - 5:38:47.171781± 0.087 -7:02:40.387340± 0.194 2456734 0.620± 0.110 0.046
94 n 5:36:52.041975± 0.194 -6:55:15.578554± 0.287 2456734 0.404± 0.116 0.043
94 n 5:36:52.041957± 0.135 -6:55:15.578662± 0.299 2456949 0.781± 0.139 0.043
95 n 5:36:52.041566± 0.195 -6:55:15.575109± 0.393 2456734 0.347± 0.116 0.043
95 n 5:36:52.041590± 0.099 -6:55:15.574714± 0.192 2456949 0.333± 0.077 0.043
96 n 5:36:52.041190± 0.181 -6:55:15.571777± 0.373 2456734 0.363± 0.113 0.043
96 n 5:36:52.041191± 0.136 -6:55:15.572204± 0.316 2456949 0.315± 0.090 0.043
97 n 5:45:38.491306± 0.027 +0:15:45.377273± 0.044 2456739 2.392± 0.083 0.036
97 n 5:45:38.491327± 0.017 +0:15:45.377569± 0.031 2456952 2.600± 0.073 0.038
98 n 5:46:01.347013± 0.366 +0:14:22.855901± 0.716 2456739 1.349± 0.271 0.041
98 n 5:46:01.347008± 0.375 +0:14:22.856304± 0.600 2456952 1.583± 0.290 0.044
99 n 5:47:09.677512± 0.105 +0:14:21.061253± 0.180 2456739 0.647± 0.079 0.030
99 n 5:47:09.677521± 0.066 +0:14:21.061525± 0.155 2456952 0.520± 0.064 0.032
100 n 5:46:01.411723± 0.063 +0:14:22.784783± 0.074 2456739 4.651± 0.174 0.041
100 n 5:46:01.411779± 0.046 +0:14:22.785208± 0.063 2456952 4.000± 0.149 0.044
101 n 5:46:59.059303± 0.025 +0:10:30.032547± 0.050 2456739 2.024± 0.075 0.032
101 n 5:46:59.059327± 0.018 +0:10:30.032628± 0.035 2456952 2.243± 0.069 0.034
102 n 5:45:40.863733± 0.036 +0:12:14.556655± 0.061 2456739 1.884± 0.084 0.034
102 n 5:45:40.863761± 0.021 +0:12:14.557088± 0.035 2456952 2.358± 0.076 0.037
105 y 5:35:40.778055± 0.336 -5:09:01.567761± 0.297 2456922 0.465± 0.123 0.052
105 y 5:35:40.777732± 0.126 -5:09:01.569392± 0.334 2457080 0.398± 0.111 0.052
105 y 5:35:40.777753± 0.114 -5:09:01.570241± 0.312 2457444 0.141± 0.047 0.026
107 y 5:35:21.318102± 0.114 -5:12:12.672376± 0.230 2456922 0.608± 0.114 0.045
107 y 5:35:21.318025± 0.081 -5:12:12.675892± 0.175 2457266 0.604± 0.100 0.048
107 y 5:35:21.317729± 0.135 -5:12:12.679769± 0.287 2457444 0.326± 0.079 0.032
108 - 5:35:06.283419± 0.113 -5:22:02.665688± 0.170 2456922 1.196± 0.192 0.077
109 - 5:35:14.335310± 0.043 -5:23:17.422472± 0.080 2456922 2.806± 0.190 0.074
110 y 5:34:59.893278± 0.366 -4:55:27.220644± 0.408 2456923 0.555± 0.164 0.041
110 y 5:34:59.893309± 0.045 -4:55:27.218495± 0.112 2457449 0.381± 0.053 0.032
112 - 5:36:07.303532± 0.009 -5:40:22.362637± 0.022 2456931 3.645± 0.073 0.034
114 y 5:35:12.460225± 0.255 -4:44:25.935404± 0.864 2456933 0.322± 0.123 0.043
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114 y 5:35:12.460025± 0.146 -4:44:25.936738± 0.245 2457083 0.532± 0.123 0.056
114 y 5:35:12.460411± 0.207 -4:44:25.936077± 0.405 2457278 0.501± 0.123 0.038
114 y 5:35:12.460182± 0.025 -4:44:25.937774± 0.055 2457456 1.432± 0.081 0.040
115 y 5:35:15.128664± 0.156 -4:44:42.927687± 0.333 2456933 0.273± 0.076 0.044
115 y 5:35:15.128843± 0.032 -4:44:42.914424± 0.062 2457083 2.922± 0.143 0.060
116 y 5:35:13.346282± 0.131 -4:51:44.939505± 0.331 2456933 0.423± 0.085 0.038
116 y 5:35:13.346031± 0.280 -4:51:44.940391± 0.383 2457083 0.368± 0.127 0.049
124 y 5:41:45.902664± 0.119 -1:54:11.177421± 0.245 2456941 0.187± 0.051 0.037
124 y 5:41:45.902276± 0.144 -1:54:11.177882± 0.295 2457090 0.368± 0.095 0.039
125 y 5:41:38.249339± 0.138 -1:53:09.245385± 0.391 2456941 0.213± 0.063 0.039
125 y 5:41:38.249090± 0.399 -1:53:09.245636± 0.327 2457090 0.450± 0.143 0.042
125 y 5:41:38.249060± 0.133 -1:53:09.244123± 0.234 2457459 0.262± 0.065 0.029
126 y 5:41:37.865444± 0.177 -1:54:31.960721± 0.359 2456941 0.281± 0.075 0.036
126 y 5:41:37.865495± 0.021 -1:54:31.960271± 0.051 2457280 1.058± 0.059 0.032
126 y 5:41:37.865141± 0.027 -1:54:31.960658± 0.052 2457459 1.600± 0.070 0.027
128 n 5:45:23.221900± 0.282 -0:09:56.566865± 0.420 2456943 0.525± 0.162 0.056
128 n 5:45:23.221899± 0.243 -0:09:56.568430± 0.421 2457091 0.896± 0.225 0.078
129 - 5:38:44.244609± 0.025 -2:32:33.716993± 0.060 2456938 1.070± 0.070 0.038
130 - 5:38:47.206369± 0.013 -2:35:40.525382± 0.027 2456938 2.927± 0.075 0.035
131 - 5:41:09.046203± 0.197 -2:33:02.229750± 0.360 2456938 1.335± 0.255 0.064
139 n 5:35:32.035414± 0.207 -5:39:38.603715± 0.326 2457080 0.456± 0.108 0.032
139 n 5:35:32.035377± 0.099 -5:39:38.604344± 0.305 2457266 0.328± 0.076 0.035
141 - 5:35:09.770099± 0.027 -5:21:28.349244± 0.064 2457080 2.510± 0.152 0.068
142 - 5:35:14.335290± 0.036 -5:23:17.395700± 0.085 2457080 1.801± 0.154 0.072
144 n 5:46:19.735799± 0.360 -0:06:22.225191± 0.292 2457091 0.632± 0.186 0.074
144 n 5:46:19.735816± 0.132 -0:06:22.225016± 0.341 2457284 0.445± 0.117 0.056
145 y 5:39:36.540587± 0.111 -2:42:17.244164± 0.218 2457095 0.285± 0.051 0.027
145 y 5:39:36.540855± 0.105 -2:42:17.240201± 0.149 2457286 0.737± 0.081 0.026
145 y 5:39:36.540258± 0.053 -2:42:17.239033± 0.128 2457462 0.259± 0.047 0.027
146 n 5:41:53.175296± 0.065 -2:03:23.417977± 0.110 2457095 0.946± 0.071 0.028
146 n 5:41:53.175253± 0.032 -2:03:23.417836± 0.064 2457286 1.128± 0.063 0.026
146 n 5:41:53.175265± 0.032 -2:03:23.417665± 0.063 2457462 1.023± 0.063 0.027
147 n 5:41:54.499585± 0.023 -2:03:29.462152± 0.035 2457095 3.029± 0.078 0.033
147 n 5:41:54.499561± 0.012 -2:03:29.461966± 0.024 2457286 3.354± 0.068 0.029
147 n 5:41:54.499562± 0.013 -2:03:29.461854± 0.019 2457462 4.130± 0.076 0.029
148 y 5:41:52.587912± 0.120 -2:03:51.619383± 0.213 2457095 0.312± 0.057 0.027
148 y 5:41:52.588239± 0.007 -2:03:51.619632± 0.019 2457286 2.591± 0.053 0.028
148 y 5:41:52.587920± 0.108 -2:03:51.620345± 0.227 2457462 0.190± 0.052 0.027
149 y 5:35:20.725305± 0.041 -5:21:44.340959± 0.094 2457266 1.174± 0.138 0.082
149 y 5:35:20.724927± 0.061 -5:21:44.339276± 0.161 2457444 0.500± 0.097 0.056
150 y 5:35:15.555127± 0.072 -5:25:14.126581± 0.185 2457266 1.093± 0.217 0.117
150 y 5:35:15.554864± 0.056 -5:25:14.126287± 0.137 2457444 1.450± 0.178 0.080
151 n 5:35:21.847068± 0.068 -4:37:59.452114± 0.164 2457278 0.563± 0.089 0.045
151 n 5:35:21.847072± 0.140 -4:37:59.452228± 0.335 2457456 0.536± 0.126 0.047
152 - 5:36:24.993311± 0.150 -6:17:32.519879± 0.206 2457279 0.697± 0.139 0.054
153 y 5:41:41.352755± 0.033 -1:53:32.838297± 0.079 2457280 0.632± 0.058 0.032
153 y 5:41:41.352463± 0.103 -1:53:32.838938± 0.237 2457459 0.374± 0.068 0.027
156 n 5:39:28.664733± 0.320 -2:38:40.507074± 0.496 2457286 0.794± 0.204 0.043
156 n 5:39:28.664676± 0.207 -2:38:40.507191± 0.399 2457462 0.403± 0.126 0.045
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157 - 5:35:22.562445± 0.029 -5:08:00.736854± 0.060 2457444 0.802± 0.058 0.032
160 - 5:35:09.769319± 0.018 -5:23:26.891549± 0.040 2457444 2.602± 0.116 0.058
161 - 5:35:10.732581± 0.007 -5:23:44.656176± 0.019 2457444 5.516± 0.116 0.060
162 - 5:35:16.039636± 0.034 -5:23:53.063002± 0.042 2457444 4.896± 0.182 0.060
163 - 5:35:14.898278± 0.060 -5:22:25.410079± 0.166 2457444 0.595± 0.099 0.050
164 - 5:35:16.039640± 0.015 -5:23:53.063091± 0.030 2457444 4.760± 0.137 0.061
165 - 5:34:42.421998± 0.018 -5:12:18.701256± 0.043 2457449 2.320± 0.098 0.049
Table 5. Distance and proper motion solutions
VLBA Common Spectral Region Parallax Distance µα µδ
Names Type mas pc mas year−1 mas year−1
5 GMR A Trapezium 2.673±0.112 374±15 1.81± 0.11 -1.62± 0.13
6b GMR F K1IV (H97) Trapezium 2.567±0.051 389± 7 2.38± 0.08 0.55± 0.14
7a GMR H Trapezium 2.684±0.109 372±15 2.22± 0.18 -3.80± 0.55
8 GMR G K4III (H97) Trapezium 2.646±0.041 377± 5 3.82± 0.10 1.60± 0.17
9b θ1 Ori E G2IV (M12) Trapezium 2.557±0.051 391± 7 1.45± 0.03 1.02± 0.08
11b θ1 Ori A B0V (H97) Trapezium 2.626±0.100 380±14 4.81± 0.10 -2.53± 0.12
4/107ac Brun 656 G2III (H97) ONC 2.708±0.210 369±10 2.36±0.69 0.06±1.05
14 V1699 Ori ONC 2.493±0.049 401± 7 1.76± 0.05 -0.89± 0.16
16a Parenago 1469 G9IV (H97) ONC 2.533±0.027 394± 4 -7.22± 0.06 -0.99± 0.08
18 Parenago 1724 K0III (S09) ONC 2.509±0.044 398± 7 0.06±0.20 6.95± 0.16
19b Parenago 1540 K3V+K5V (M88) ONC 2.591±0.046 385± 6 -4.01± 0.08 -1.17± 0.07
22 HD 37150 B3III (H99) ONC 2.536±0.046 394± 7 1.32± 0.05 -0.56± 0.12
34b HD 37017 B2V (H99) ONC 2.643±0.075 378±10 1.88± 0.09 1.20± 0.14
105a Parenago 2148 M1 (H97) ONC 2.575±0.389 388±58 0.33± 0.05 -1.34± 0.43
114 Parenago 1778 ONC 2.312±0.207 437±83 2.54± 0.30 -1.30± 0.64
45 B8.1 (H13) L1641 2.348±0.069 425±12 0.68± 0.09 -0.51± 0.25
46 L1641 2.315±0.072 431±13 0.13± 0.25 -1.05± 0.18
58c NGC 2024 2.223±0.121 449±24 0.04±0.31 0.20± 0.43
61/62c NGC 2024 2.306±0.054 434±10 0.47±0.32 0.39±0.62
125ad NGC 2024 1.865±0.105 536±30 -0.43± 0.16 1.03± 0.42
126ad NGC 2024 2.804±0.032 356± 4 0.55± 0.10 -0.10± 0.15
148a V621 Ori NGC 2024 2.422±0.034 412± 5 0.19±0.44 -0.97± 0.27
145ad HD 294300 G5 (A00) σ Ori 3.303±0.353 302±32 -4.92± 0.66 4.67± 1.37
63 NGC 2068 2.608±0.047 383± 7 -1.02± 0.10 -0.52± 0.15
68c HD 290862 B3 (S75) NGC 2068 2.197±0.545 455±113 0.35± 0.27 0.83± 0.83
69 A0 (S75) NGC 2068 2.547±0.034 392± 5 0.01± 0.10 -0.49± 0.08
Table 5 continued
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Table 5 (continued)
VLBA Common Spectral Region Parallax Distance µα µδ
Names Type mas pc mas year−1 mas year−1
aDetected only in 3 epochs. Uncertainties could be underestimated.
b Spectroscopic binary
c Astrometric binary
dProbable binary
eH97=Hillenbrand (1997), M12=Morales-Caldero´n et al. (2012), S09=Strassmeier (2009), M88=Marschall & Mathieu (1988),
H99=Houk & Swift (1999), H13=Hsu et al. (2013), A00=Alcala´ et al. (2000), S75=Strom et al. (1975)
Table 6. Orbital solutions for astrometric binaries
Parameters VLBA 61/62 VLBA 4/107
P (year) 9.50 ± 0.67 6.27 ± 0.54
Tp (HJD) 2456455 ± 60 2457355 ± 200
e 0.50 ± 0.12 0.40 ± 0.02
ω (deg) 92 ± 20 268 ± 7
q = M2/M1 0.50 ± 0.26 0.99 ± 0.24
a1 (AU) 2.10 ± 0.51 (2.63 ± 0.17)/ cos i
a2 (AU) 4.19 ± 0.70 (2.53 ± 0.42)/ cos i
M1 (M⊙) 1.85 ± 0.58 (1.70 ± 0.16)/ cos
3 i
M2 (M⊙) 0.95 ± 0.22 (1.62 ± 0.38)/ cos
3 i
i (deg) 141 ± 6 —
Ω (deg) 122 ± 30 —
Nobs (primary) 5 3
Nobs (secondary) 3 3
Table 7. Orbital solutions for spectroscopic binaries
Parameters VLBA 11 VLBA 19 VLBA 34
P (days) 65.4314491 ± 0.0028542 33.73 ± 0.030 18.6561 ± 0.0002
Tp (HJD) 2444195.5773 ± 0.4426 2444972.95 ± 1.75 2446010.461 ± 0.080
e 0.6261 ± 0.0313 0.12 ± 0.01 0.468 ± 0.014
ω (deg) 183.2838 ± 5.1861 131.3 ± 6.7 118.3 ± 2.4
a1 sin i (AU) 0.16 ± 0.01 0.081 ± 0.002 0.069 ± 0.003
a2 sin i (AU) — 0.107 ± 0.003 0.132 ± 0.009
Reference Stickland & Lloyd (2000) Marschall & Mathieu (1988) Bolton et al. (1998)
i (deg) 87 ± 11 104 ± 12 52 ± 23
Ω (deg) 150 ± 20 61 ± 11 313 ± 26
M1 (M⊙) — 0.49 ± 0.10 4.09 ± 4.44
M2 (M⊙) — 0.37 ± 0.07 2.14 ± 2.22
Table 7 continued
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Table 7 (continued)
Parameters VLBA 11 VLBA 19 VLBA 34
APPENDIX
A. λ ORI SCATTERING
As with all the other regions, λ Ori was observed at 5 GHz. During the first epoch of the observations J0536+0944
was used as a primary calibrator, which is located only 0.4◦ from the center of the cluster. Calibrating on this source
could produce coherent signal only on the baselines shorter than 1000 km, that is the baselines between Fort Davis,
Kitt Peak, Los Alamos, Pie Town, and partially Owens Valley.
The second and third epochs were calibrated on J0532+0732, located 2.4◦ from the cluster center, but still barely
inside the λ Ori ring. While this produced a significant improvement on the calibration over the first epoch, any
baselines involving antennas at Hancock and St. Croix could not be calibrated. Since the longest baseline of VLBA
was not used, uncertainties in source positions remain large. However, surprisingly, some baselines longer than the
baselines involving these two antennas (including most baselines involving Mauna Kea) did produce some coherent
signal.
To determine the cause of the poor signal, and potentially finding a primary calibrator that could cause an improve-
ment on the data, in August 2015 we observed 4 calibrators, J0536+0944, J0532+0732, J0544+1118, and J0547+1223
at both 5 and 8 GHz. J0547+1223 was known to produce good calibration, it is located almost 4◦ from the cluster
center. While it did appear as a point source at both wavelengths, such a large angular separation is larger than what
is ideal for a primary calibrator. J0544+1118, located at 2.8◦ from the cluster center had an appearance very similar
to J0532+0732 – baselines involving HN and SC could not produce a coherent signal at 5 GHz. With the exception of
J0547+1223, all 3 calibrators showed a significant improvement at 8 GHz, however, even at this wavelength they did
not appear like point sources. And, even at 8 GHz, J0536+0944 did appear to be significantly poorer than any other
calibrator.
The Gaussian model fits of the sizes of these sources is listed in Table A1, these sizes are roughly consistent with
λ2. Because of this wavelength dependence, we believe that all radio observations of λ Ori are significantly affected by
the plasma scattering. A possible source of this scattering is the ionized gas in the λ Ori ring that is currently 2.5—3◦
in radius (Figure 1), left behind by a supernova blast that originated 1 Myr ago (Dolan & Mathieu 2002). However,
it is surprising that λ Ori is the only Orion region where scattering is a concern. Very few regions are known to be
sources of significant plasma scattering processes that can be observed in this portion of radio regime; among them
are the Galactic Center (Bower & Backer 1998), NGC 6334 (Rodr´ıguez et al. 2012), and Cygnus (Desai & Fey 2001).
The fourth epoch of the observations was done at 8 GHz and it used J0544+1118 as the primary calibrator. Only
2 sources were detectable at a higher frequency (VLBA 85 and 87). After considering positional offsets that were
introduced with the several alterations of the primary calibrators, neither of these sources appear to be galactic. No
further monitoring was done for the region.
One object of interest identified towards λ Ori is VLBA 85. It has two components separated by 0.7 mas, possible
AGN jet.
Table A1. Parameters of elliptical gaussian model fit for
the scattered calibators towards λ Ori
Name ν θmajor θminor P.A.
(GHz) (mas) (mas) (deg.)
J0536+0944 4.98 16.5±0.4 9.9±0.1 139.7± 10.2
J0536+0944 8.42 5.0±0.1 3.5±0.1 150.3± 1.7
J0532+0732 4.98 9.9±0.2 7.2±0.1 173.2±2.2
J0532+0732 8.42 4.3±0.1 3.0±0.1 174.0±1.2
Table A1 continued
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Table A1 (continued)
Name ν θmajor θminor P.A.
(GHz) (mas) (mas) (deg.)
J0544+1118 4.98 6.2±0.1 5.1±0.1 163.9±5.0
J0544+1118 8.42 2.9±0.1 2.5±0.1 7.3±2.0
B. COMMENTS ON THE INDIVIDUAL SOURCES
IN THE ONC
B.1. Trapezium
VLBA 5 (=GMR A) is found to be at a distance of
374±15 pc with a proper motion of µα = 1.81±0.11 mas
year−1 and µδ = −1.62 ± 0.13 mas year
−1. It has also
been previously monitored with VLBA in a period from
Jan. 2003 to Dec. 2004 by S07 and from Sept. 2006
to Mar. 2007 by MR. S07 found a distance solution to
GMR A of 389+24−21 pc with µα = 1.89± 0.12 mas year
−1
and µδ = −1.67± 0.19 mas year
−1, which is consistent
with the distance found in this work. On the other hand,
MR found a distance solution of 418.4±18.2 pc with
µα = 1.82±0.09 mas year
−1 and µδ = −2.05±0.18 mas
year−1, a discrepancy on the order of 2σ in distance and
µδ. The difference in proper motion is unlikely to be
attributed to a long-period multiplicity due to the lack
of acceleration observed between S07 and this work. No
information is available in regards to whether or not
GMR A belongs to a compact binary.
VLBA 6 (=GMR F) is observed to be at a distance
of 389±7 pc with a proper motion of µα = 2.38 ± 0.08
mas year−1 and µδ = 0.55±0.14 mas year
−1. MR find a
distance solution of 406.1±8.4 pc with µα = 2.24± 0.09
mas year−1 and µδ = −0.66± 0.18 mas year
−1. While
the two distance estimates disagree, the proper motions
are consistent, suggesting that GMR F is unlikely to be
a long-period binary. It has been identified as a double-
lined spectroscopic binary by Prato et al. (2002) with
q ∼ 0.31, but no orbital solution is available.
VLBA 7 (=GMR H) was detected only in the first
three epochs of the observations; therefore uncertainties
in the solution are presented based only on the astro-
metric uncertainties and do not take into the account
the systematic offsets. We obtain a distance solution
of 372±15 pc and µα = 2.22 ± 0.18 mas year
−1 and
µδ = −3.08± 0.55. Not observed by MR.
VLBA 8 (=GMR G) is found to be at a distance
of 377±5 pc with µα = 3.82 ± 0.10 mas year
−1 and
µδ = 1.60 ± 0.17 mas year
−1. MR only observed this
object in three epochs. For this reason they do not
present a distance solution; however, the data taken by
their program suggest a distance of 382±4 pc, provid-
ing a good agreement to the distance obtained through
in this work. On the other hand, proper motions ob-
tained by MR are µα = 4.29 ± 0.17 mas year
−1 and
µδ = 3.33± 0.37 mas year
−1. This shows that this star
underwent a significant acceleration in the 8 years be-
tween these observations, suggestive of a long-period bi-
nary; however, the magnitude of the acceleration is not
sufficient to noticeably affect the proper motions during
the ∼ 2 years covered by either program separately. No
optical or IR companion to the system has been previ-
ously identified.
VLBA 9 (=GMR 25, = θ1 Ori E) is a
known spectroscopic binary (Costero et al. 2008;
Morales-Caldero´n et al. 2012) with a circular orbit,
period of 9.89520 days, q ∼ 1, i = 74◦ and masses
of 2.807 and 2.797 M⊙. Not previously observed by
MR. We find a distance solution of 391± 7 pc with
µα = 1.45± 0.03 mas year
−1 and µδ = 1.02± 0.08 mas
year−1, without taking into the account the orbital
motion. The lack of eccentricity makes it difficult to
constrain the position of the star in its orbit with the
astrometric data, but the typical effect of this orbit on
the distance solution is within 3 pc.
VLBA 11 (=GMR 12, = θ1 Ori A) is a known
triple system. One of the components has been de-
tected through the adaptive optics and VLTI imag-
ing (Close et al. 2013; Grellmann et al. 2013), with the
projected separation of ∼ 0.2′′ or ∼70 AU. The other
component is an eclipsing system that is also ob-
served through spectroscopy with a period of 65.4 days
(Stickland & Lloyd 2000). Not accounting for the or-
bital motion we obtain a distance solution of 380±7 pc
with µα = 4.81±0.07 mas year
−1 and µδ = −2.33±0.09
mas year−1. Incorporating the orbital motion of the
spectroscopic binary while solving for i and Ω yields
comparable distance of 380±14 pc with µα = 4.81±0.10
mas year−1, µδ = −2.53 ± 0.12, Ω = 150 ± 20
◦ and
i = 87± 11◦, therefore, consistent with an eclipsing sys-
tem. This does not change significantly by assuming
that the emission is coming from the secondary instead
of the primary. MR found a distance towards GMR 12
of 417.9±9.2 pc with µα = 4.82± 0.09 mas year
−1 and
µδ = −1.54±0.18mas year
−1. This solution did not take
into the account the orbital motion; however, including
it does not significantly alter the fit. The distances be-
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tween two observations are discrepant by ∼ 2σ. The
difference in the measured proper motion is most likely
driven by the acceleration due to the orbital motion of
the long-period binary.
Other confirmed galactic sources that have been de-
tected towards the Trapezium include VLBA 13, 149,
and 150, but as they have been detected in only two
epochs, currently it is impossible to do a parallactic fit.
B.2. Outside of the Trapezium
VLBA 4/107 (=Brun 656) is located westward of
the OMC 2/3 filament. It was detected as an astromet-
ric binary system, with VLBA 4 detected in epochs 1,
4, & 5, and VLBA 107 detected in epochs 2, 4, & 5.
Orbital motion is clearly apparent in both stars. How-
ever, with only six positions it is impossible to fit all
13 parameters for both parallactic and orbital motion.
Therefore we exclude i and Ω from the fit, assuming
a face on orientation. In the follow up work with addi-
tional data it would be possible to present a full solution.
Potentially a member of a triple system as Ko¨hler et al.
(2006) identify an additional companion 0.4” or ∼150
AU away; this should have little impact on astrometry
after 2 year baseline. We obtain a distance solution of
369±10 pc with the proper motions of the compact sys-
tem of µα = 2.36±0.69 mas year
−1 and µδ = 0.06±1.05
mas year−1, and the scatter and the dependence be-
tween these parameters is shown in the Figure 3. This
proper motion is most likely not representative of the
true proper motion of the triple system. We find the
period of the compact system to be 6.27±0.54 years and
M cos3 i of both components of 1.70±0.16 and 1.62±0.38
M⊙. The spectral type for the primary has been previ-
ously reported to be G2III (Hillenbrand 1997)
VLBA 14 (=V1699 Ori) is located towards NGC
1977. We found a distance solution of 401±7 pc with
µα = 1.76±0.05 mas year
−1 and µδ = −0.89±0.16 mas
year−1.
VLBA 16 (=Parenago 1469) is located westward of
the Trapezium. It was detected only in the epochs 1,
2, & 4. We find a distance solution of 394±4 pc with
µα = −7.22±0.06mas year
−1 and µδ = −0.99±0.08mas
year−1. Proper motions for this star are uncommonly
large and appear to be projected from the Trapezium
cluster (see Section 4.3).
VLBA 18 (=Parenago 1724) is located westward of
the OMC 2/3 filament. We found a distance solution of
398±7 pc with µα = 0.06 ± 0.20 mas year
−1 and µδ =
6.95±0.15mas year−1. Similarly to VLBA 16, it also has
a very large proper motion vector, which projects back
to the center of the Trapezium cluster. It was previously
identified by Neuhaeuser et al. (1998) as a runaway star.
VLBA 19 (=Parenago 1540) is located westward of
the Trapezium. It is a known double-lined spectro-
scopic binary (Marschall & Mathieu 1988). Without ac-
counting for the orbital motion we obtain a distance
solution of 404±11 pc with µα = −3.88 ± 0.13 mas
year−1 and µδ = −1.10 ± 0.15 mas year
−1. Incor-
porating an orbital fit and solving for i and Ω yields
a distance of 386±7 pc with µα = −4.01 ± 0.08 mas
year−1, µδ = −1.17 ± 0.07 mas year
−1, i = 104 ± 12◦
and Ω = 69 ± 11◦. This results in the masses of the
components of 0.49±0.10 and 0.37±0.07 M⊙, however,
the spectral types of K3V and K5V make these masses
to be somewhat suspect. With an assumption that the
emission is coming from the secondary with ω rotated by
180◦, an alternate family of solutions is found at 413±12
pc with µα = −3.85±0.14mas year
−1, µδ = −1.12±0.08
mas year−1, i = 56±12◦ and Ω = 130±14◦, and masses
of 0.78±0.40 and 0.60±0.28 M⊙. Similarly to VLBA 16
and 18, this system has a very large proper motion vec-
tor that projects back to the Trapezium cluster, and it
has been previously theorized to be a runaway star by
Marschall & Mathieu (1988).
VLBA 22 (=HD 37150) is located towards the south-
east of the Trapezium. We obtain a distance solution
of 394±7 pc with µα = 1.32 ± 0.05 mas year
−1, µδ =
0.56± 0.12 mas year−1.
VLBA 27/28 (=NU Ori) shows considerable motion,
but it cannot be fitted yet due to multiplicity. VLBA 27
has been detected in epochs 1, 3, & 5, and VLBA 28 has
been detected in epoch 1, with the projected separation
of 35 mas from VLBA 27. A single point source was
detected in epoch 4, tentatively interpreted to be asso-
ciated with VLBA 28, ∼8 mas away from the expected
position of VLBA 27. This companion system has been
previously predicted to exist by Grellmann et al. (2013)
based on the VLTI observations. In addition to this,
this system contains a known spectroscopic binary with
a period of 19 days and a1 sin i of ∼ 0.15 mas (Abt et al.
1991); a hint of extension is seen towards VLBA 27 in
some epochs and this could be the source. This sys-
tem also has a wider companion with a separation of
∼ 0.5′′ (Ko¨hler et al. 2006). Given the fact that the pri-
mary was detected only in spring epochs without any
fall epochs, we cannot provide even rough constraints
on its distance. Follow-up monitoring would be needed
in order to accurately understand the motions of this
system.
VLBA 34 (=HD 37017) is a known double-lined
spectroscopic binary (Bolton et al. 1998). Without or-
bital motion we obtain a distance solution of 360±7 pc
with µα = 1.87 ± 0.07 mas year
−1, µδ = 1.17 ± 0.24
mas year−1. Solving for i and Ω we obtain two pos-
sible results due to the lack of constrains in the direc-
tion of the orbit. These results are i = 53 ± 23◦ and
i = 127±28◦, both with Ω = 131±26◦ and the distance
solution of 378±10 pc with µα = 1.88±0.09 mas year
−1,
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µδ = 1.20±0.14 mas year
−1. This corresponds to masses
of the components of 4.09±4.41 and 2.14±2.22 M⊙. As-
suming that the emission is coming from the secondary
does not change the solution significantly, the estimated
distance becomes 383±5 pc, although the inclination an-
gle becomes 76± 18◦.
VLBA 105 (= Parenago 2148) is located towards
OMC 2/3 filament. It was detected only in epochs 2, 3,
& 5. The positional uncertainties, particularly in epoch
2, are rather substantial as the source appears to be
marginally extended in α. Without accounting for any
of the systematic offsets we find a distance solution of
388±53 pc with µα = 0.33 ± 0.05 mas year
−1, µδ =
−1.34± 0.43 mas year−1.
VLBA 114 (= Parenago 1778) is located towards
NGC 1977. It was not detected in epoch 1. We obtain
a distance solution of 437±83 pc with µα = 2.54± 0.30
mas year−1, µδ = −1.30 ± 0.64 mas year
−1. The fit
is rather poor, despite the substantial positional uncer-
tainties. This could be attributed to acceleration due to
multiplicity.
Other galactic sources identified in the region that
have been detected only in two epochs are VLBA 33,
110, & 116. VLBA 115 has also been detected in 2
epochs, and although the α offset is consistent with be-
longing to the ONC (2.7 mas), the δ offset is over 13
mas; this is likely due to multiplicity.
C. COMMENTS ON THE REMAINING REGIONS
C.1. L1641
Only two galactic sources, VLBA 45 & 46, have been
detected towards L1641. Both of them are located on
the southern end of the cloud, at δ < −8◦. The solu-
tions towards them are somewhat more uncertain than
they are towards sources located within the ONC, with
very large uncertainties and imprecise fit. Preliminary
fits result in distance solutions of 424±12 pc with µα =
0.68± 0.06 mas year−1, µδ = −0.31± 0.22 mas year
−1
for VLBA 45 and 433±28 pc with µα = 0.25 ± 0.04
mas year−1, µδ = −0.47 ± 0.25 mas year
−1 for VLBA
46. The fit appears to be somewhat dubious and the
observed positions do not agree with the best fits for
both sources in the epochs 1 & 4. It is possible that
this offset is attributable to multiplicity in both of these
objects, although the fact that the magnitude of the off-
set is comparable for both sources at each epoch makes
it more dubious. Therefore we treat this offset as the
pointing error due to calibration and solve for a com-
mon offset for both sources.
We correct the positions of the first epoch by ∆α =
0.256 mas and ∆δ = 0.771 mas, and the fourth epoch
by ∆α = 0.204 mas and ∆δ = 0.659 mas. It is some-
what curious that this offset is comparable in both
epochs. After this correction, the distance solution be-
comes 425±12 pc with µα = 0.68 ± 0.09 mas year
−1,
µδ = −0.51±0.25 mas year
−1 for VLBA 45 and 431±13
pc with µα = 0.13±0.25 mas year
−1, µδ = −1.05±0.18
mas year−1 for VLBA 46. This offset has a very small
overall effect on the distance, but the proper motions
are somewhat uncertain.
In addition to the galactic sources, there are a number
of extragalactic sources that can be of interest. VLBA
39/40, 41/42, 47/48, 89/90, & 94/95/96 appear to ex-
hibit no motion between epochs, but they appear to be
extended, double or even triple objects. They can prob-
ably be attributable to the AGN jets. It is curious that
so many of these extended sources appear to be in the
direction of this particular region.
C.2. NGC 2068
The second epoch of the observations of this region
was strongly affected by a pointing error, and this offset
is also present in nearby sources that can otherwise be
considered extragalactic. A possible explanation for this
is that one of the secondary calibrators had an extremely
weak detection in this epoch. We solve for a common
offset for all sources of ∆α = −0.559 mas, ∆δ = −0.515
mas.
Three galactic sources have been detected towards
NGC 2068. VLBA 63, 68 (=HD 290862), & 69. Af-
ter removing the offset, we obtain a distance solution
of 383±7 pc with µα = −1.02 ± 0.10 mas year
−1,
µδ = −0.52± 0.15 mas year
−1 for VLBA 63, and 392±5
pc with µα = −0.01±0.10mas year
−1, µδ = −0.49±0.08
mas year−1 for VLBA 69. On the other hand, we can of-
fer only an extremely noisy tentative solution for VLBA
68 of 455±113 pc with µα = 0.35 ± 0.27 mas year
−1,
µδ = 0.83± 0.83 mas year
−1. The reason for this is that
VLBA 68 appears to be a multiple system (although
no companion has been directly detected) which greatly
affects the positions. At this point in time we cannot
perform an orbital fit for the system.
C.3. NGC 2024
VLBA 61/62 has been identified as an astrometric bi-
nary, with the first component present in all five epochs,
while the second component detected only in epochs 1,
4, & 5. We find a distance to the system of 434±10 pc
with µα = 0.47 ± 0.32 mas year
−1, µδ = 0.39 ± 0.62
mas year−1, and the scatter and the dependence be-
tween these parameters is shown in the Figure 3. The
period of the binary is 9.50±0.67 years, inclination of
141±6◦, and masses of both components of 1.85±0.58
and 0.95±0.22 M⊙. Unfortunately, this system has not
been detected at any other wavelength regime other than
in radio, therefore, a comparison of masses to spectral
types is impossible. While the orbital fit itself is con-
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vergent, it must be noted that some uncertainty does
remain due to the limited number of detections, and al-
though unlikely, a possibility of a somewhat larger dis-
tance ∼444 pc as well as a somewhat steeper inclination
angle cannot be ruled out currently.
VLBA 58 is another star that was detected in all five
epochs in this region, and it also appears to be a binary
due to its peculiar motions from one epoch to the next.
At this point in time, an orbit to it cannot be fitted,
but we obtain a very tentative solution of 449±24 pc
with µα = 0.04± 0.31 mas year
−1, µδ = 0.20± 0.43 mas
year−1.
Three other stellar objects have been detected towards
the region, but only in three epochs, therefore, solutions
are somewhat uncertain as they do not take into account
any systematic offsets. VLBA 148 has a distance solu-
tion of 412± 5 pc with µα = 0.19 ± 0.44 mas year
−1,
µδ = −0.97± 0.27 mas year
−1. VLBA 125 is presently
found at a distance of 536±30 with µα = −0.43 ± 0.16
mas year−1, µδ = 1.03± 0.42 mas year
−1; this solution
is rather tentative due to the astrometric errors and a
quality of the fit. On the other hand, VLBA 126 has a
measured distance of 356±4 pc with µα = 0.55 ± 0.10
mas year−1, µδ = −0.10± 0.15 mas year
−1.
It is clear that VLBA 125 and 126 have a measured
distance that is decidedly different from what is found
towards other objects in the region. A possible expla-
nation to this is that these stars may belong to an as of
yet unseen binary system. Whether this is could also be
the case for VLBA 148 is as of yet unclear.
Other galactic sources identified towards NGC 2024
are VLBA 124 & 153, although only two epochs are
currently available.
A number of extragalactic objects of interest have also
been identified. VLBA 56 shows a clear signature of
an AGN jet. VLBA 146/147 has two components, also
a probable extragalactic jet. While previously VLBA
55 has been identified as a Class II YSO based on its
infrared colors, it shows no positional offset between
epochs. It was notable for being extremely bright in
radio (highest VLBA flux of 338 mJy at 5 GHz).
C.4. σ Ori
Only one Galactic object has been identified towards
σ Ori among those detected with VLBA. VLBA 145
(=HD 294300) was not monitored in epochs 1 & 2,
therefore currently only three epochs of astrometry are
available. It is found at a distance of 302±32 pc with
µα = −4.92 ± 0.66 mas year
−1, µδ = 4.67 ± 1.37 mas
year−1. Whether this distance solution is trustwor-
thy or not still remains to be tested; while σ Ori is
most likely spatially separate from NGC 2024, a dif-
ference in distance of over 100 pc would be surpris-
ing. Sherry et al. (2008) previously estimated distance
towards σ Ori based on main-sequence fitting to be
420±30 pc, quite close to the distances we obtain to
NGC 2024 members. Combined with the rather high
proper motions for VLBA 145 of 9.7 km s−1 as well as
a somewhat poor fit could imply that this star belongs
to a binary system; therefore, further monitoring would
be needed to better understand the kinematics of the
system.
C.5. L1622
In the VLA survey, only two sources have been iden-
tified towards L1622, of which one was a known YSO,
and one did not have any classification. The former one
was not detected with VLBA, the latter (VLBA 84) did
not exhibit any positional offset between observations.
No parallax towards this region can be measured. No
further monitoring was done past epoch 2.
REFERENCES
Abt, H. A., Wang, R., & Cardona, O. 1991, ApJ, 367, 155
Alcala´, J. M., Covino, E., Torres, G., et al. 2000, A&A, 353, 186
Alves, J., & Bouy, H. 2012, A&A, 547, A97
Bally, J. 2008, Overview of the Orion Complex, ed. B. Reipurth,
459
Bally, J., Langer, W. D., Stark, A. A., & Wilson, R. W. 1987,
ApJL, 312, L45
Bolton, C. T., Harmanec, P., Lyons, R. W., Odell, A. P., &
Pyper, D. M. 1998, A&A, 337, 183
Bouy, H., Alves, J., Bertin, E., Sarro, L. M., & Barrado, D.
2014, A&A, 564, A29
Bower, G. C., & Backer, D. C. 1998, ApJL, 496, L97
Close, L. M., Males, J. R., Morzinski, K., et al. 2013, ApJ, 774,
94
Costero, R., Allen, C., Echevarr´ıa, J., et al. 2008, in Revista
Mexicana de Astronomia y Astrofisica Conference Series,
Vol. 34, Revista Mexicana de Astronomia y Astrofisica
Conference Series, 102–105
Da Rio, N., Robberto, M., Soderblom, D. R., et al. 2010, ApJ,
722, 1092
Da Rio, N., Tan, J. C., Covey, K. R., et al. 2016, ApJ, 818, 59
de Bruijne, J. H. J., Rygl, K. L. J., & Antoja, T. 2014, in EAS
Publications Series, Vol. 67, EAS Publications Series, 23–29
de Zeeuw, T., Hoogerwerf, R., & de Bruijne, J. 2001, in
Astronomical Society of the Pacific Conference Series, Vol.
228, Dynamics of Star Clusters and the Milky Way, ed.
S. Deiters, B. Fuchs, A. Just, R. Spurzem, & R. Wielen, 201
Desai, K. M., & Fey, A. L. 2001, ApJS, 133, 395
Dolan, C. J., & Mathieu, R. D. 2002, AJ, 123, 387
Ducheˆne, G., & Kraus, A. 2013, ARA&A, 51, 269
Duquennoy, A., & Mayor, M. 1991, A&A, 248, 485
Fischer, D. A., & Marcy, G. W. 1992, ApJ, 396, 178
Genzel, R., Reid, M. J., Moran, J. M., & Downes, D. 1981, ApJ,
244, 884
Goddi, C., Humphreys, E. M. L., Greenhill, L. J., Chandler,
C. J., & Matthews, L. D. 2011, ApJ, 728, 15
29
Go´mez, L., Rodr´ıguez, L. F., Loinard, L., et al. 2008, ApJ, 685,
333
Greisen, E. W. 2003, Information Handling in Astronomy -
Historical Vistas, 285, 109
Grellmann, R., Preibisch, T., Ratzka, T., et al. 2013, A&A, 550,
A82
Gualandris, A., Portegies Zwart, S., & Eggleton, P. P. 2004,
MNRAS, 350, 615
Gudehus, D. H. 2001, in Bulletin of the American Astronomical
Society, Vol. 33, American Astronomical Society Meeting
Abstracts #198, 850
Gutermuth, R. A., Pipher, J. L., Megeath, S. T., et al. 2011,
ApJ, 739, 84
Hartmann, L. 2001, AJ, 121, 1030
Hillenbrand, L. A. 1997, AJ, 113, 1733
Hillenbrand, L. A., & Hartmann, L. W. 1998, ApJ, 492, 540
Hirota, T., Bushimata, T., Choi, Y. K., et al. 2007, PASJ, 59, 897
Houk, N., & Swift, C. 1999, in Michigan Spectral Survey, Ann
Arbor, Dep. Astron., Univ. Michigan, Vol. 5, p. 0 (1999),
Vol. 5, 0
Hsu, W.-H., Hartmann, L., Allen, L., et al. 2013, ApJ, 764, 114
Jeffries, R. D. 2007, MNRAS, 376, 1109
Kapteyn, J. C. 1918, ApJ, 47, 104
Kim, M. K., Hirota, T., Honma, M., et al. 2008, PASJ, 60, 991
Ko¨hler, R., Petr-Gotzens, M. G., McCaughrean, M. J., et al.
2006, A&A, 458, 461
Kounkel, M., Hartmann, L., Tobin, J. J., et al. 2016, ApJ, 821, 8
Kounkel, M., Hartmann, L., Loinard, L., et al. 2014, ApJ, 790, 49
Kraus, S., Weigelt, G., Balega, Y. Y., et al. 2009, A&A, 497, 195
Loinard, L., Mioduszewski, A. J., Torres, R. M., et al. 2011, in
Revista Mexicana de Astronomia y Astrofisica, vol. 27,
Vol. 40, Revista Mexicana de Astronomia y Astrofisica
Conference Series, 205–210
Lombardi, M., Alves, J., & Lada, C. J. 2011, A&A, 535, A16
Markwardt, C. B. 2009, in Astronomical Society of the Pacific
Conference Series, Vol. 411, Astronomical Data Analysis
Software and Systems XVIII, ed. D. A. Bohlender, D. Durand,
& P. Dowler, 251
Marschall, L. A., & Mathieu, R. D. 1988, AJ, 96, 1956
Megeath, S. T., Gutermuth, R., Muzerolle, J., et al. 2012, AJ,
144, 192
Melis, C., Reid, M. J., Mioduszewski, A. J., Stauffer, J. R., &
Bower, G. C. 2014, Science, 345, 1029
Menten, K. M., Reid, M. J., Forbrich, J., & Brunthaler, A. 2007,
A&A, 474, 515
Morales-Caldero´n, M., Stauffer, J. R., Stassun, K. G., et al.
2012, ApJ, 753, 149
Muench, A., Getman, K., Hillenbrand, L., & Preibisch, T. 2008,
Star Formation in the Orion Nebula I: Stellar Content, ed.
B. Reipurth, 483
Neuhaeuser, R., Wolk, S. J., Torres, G., et al. 1998, A&A, 334,
873
Nishimura, A., Tokuda, K., Kimura, K., et al. 2015, ApJS, 216,
18
Ochsendorf, B. B., Brown, A. G. A., Bally, J., & Tielens,
A. G. G. M. 2015, ApJ, 808, 111
Ortiz-Leo´n, G. N., Loinard, L., Kounkel, M., et al. 2016a, ApJ,
submitted
—. 2016b, ApJ, submitted
Pickering, W. H. 1917, Harvard College Observatory Circular,
205, 1
Poveda, A., Allen, C., & Herna´ndez-Alca´ntara, A. 2005, ApJL,
627, L61
Prato, L., Simon, M., Mazeh, T., et al. 2002, ApJ, 569, 863
Raghavan, D., McAlister, H. A., Henry, T. J., et al. 2010, ApJS,
190, 1
Reid, M. J., & Brunthaler, A. 2004, ApJ, 616, 872
Reid, M. J., & Honma, M. 2014, ARA&A, 52, 339
Rodr´ıguez, L. F., Go´mez, Y., & Tafoya, D. 2012, MNRAS, 420,
279
Sandstrom, K. M., Peek, J. E. G., Bower, G. C., Bolatto, A. D.,
& Plambeck, R. L. 2007, ApJ, 667, 1161
Schlafly, E. F., Green, G., Finkbeiner, D. P., et al. 2014, ApJ,
786, 29
Seidelmann, P. K., ed. 1992, Explanatory Supplement to the
Astronomical Almanac (Mill Valley, California: University
Science Books)
Sherry, W. H., Walter, F. M., Wolk, S. J., & Adams, N. R. 2008,
AJ, 135, 1616
Stassun, K. G., Mathieu, R. D., Vaz, L. P. R., Stroud, N., &
Vrba, F. J. 2004, ApJS, 151, 357
Stickland, D. J., & Lloyd, C. 2000, The Observatory, 120, 141
Strassmeier, K. G. 2009, A&A Rv, 17, 251
Strom, K. M., Strom, S. E., Carrasco, L., & Vrba, F. J. 1975,
ApJ, 196, 489
